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SYNOPSIS

The mineral industry of the Great Lakes
Region is important to local and national
economics. Total value of mineral production
approached 1.5 billion dollars in 1968. The Re-
gion’s mineral industry also plays a strategic
role by supplying 100 percent of the iodine, 69
percent of the iron ore, 51 percent of the mag-
nesium compounds, and 42 percent of the peat,
lime, and bromine produced in the United
States. Other mineral products are important
inthe more limited regional and local markets.

Future mineral production potential is good
within the Region. The opening of new mines
producing new mineral products can be an-
ticipated because of technologic developments
in mineral extraction and processing, al-
though a timetable of such events cannot be
made at present.

An adequate water supply is essential to the
production of a number of mineral products.
Consumptive water losses for mineral produc-
tion are small and water withdrawals can be
reduced through recirculation practices. Be-
cause recirculation is being used increasingly
by the mineral industry, no serious water sup-
ply problems are anticipated. Pollution of sur-
face and ground water is limited primarily to
unrecorded oil, gas, and salt wells and test
wells that were abandoned many years ago.
There is no easy way to detect abandoned

wells or tests, but legal provisions exist for
their sealing when discovered. Pollution from
other mineral producers is minor and
technologies exist to eliminate such practices.

Land requirements of the mineral industry
are the most critical single factor governing
future mineral production. Only a small por-
tion of land within the Great Lakes Region
contains mineral material economically ac-
cessible to the mining industry. In many cases
the location of mineral deposits is not known,
preventing adequate planning for preserva-
tion of the resource inventory. Loss of
mineral-bearing land is particularly critical
around urban and suburban centers of the re-
gion where the sand, gravel, and stone re-
sources are being rapidly depleted through re-
strictive zoning ordinances and construction
activities overlying the deposits. Future
supplies of low cost, high bulk aggregate min-
erals will have to be imported into several
planning subareas in the near future, result-
ing in greatly increased costs due to transpor-
tation charges. Reclamation of mined lands is
an integral part of most modern mining opera-
tions and must be considered in any land use
planning efforts. Sequential use of reclaimed
land varies considerably and is treated in only
a very general manner.



FOREWORD

The original draft of Appendix 5, Mineral
Resources, was written by William S. Miska,
geologist, Bureau of Mines, Liaison Office, In-
diana, and Thomas Q. Friz, mining engineer,
Division of Environment, Washington, D.C.
The final draft was prepared under the direc-
tion of Donald F. Klyce, industry economist,
Twin Cities Mineral Supply Field Office,
Bureau of Mines, Minneapolis, Minnesota.

Congressional authority for the U.S.
Bureau of Mines participation was expressed
in Section 601 of the Economy Act of 1932, 47
Stat. 882, 417. The Twin Cities Mineral Supply
Field Office, Bureau of Mines, Minneapolis,
was appointed by the Great Lakes Basin
Commission to chair the Mineral Resources
Work Group, which was charged with the re-
sponsibility of preparing Appendix 5.

The Bureau authors of the appendix wish to
express their appreciation to the Commission
for its assistance in organizing the Mineral
Resources Work Group with distinguished
representatives from each of the eight States
in the Basin. These people donated their time
to the study, providing data input, technical
advice, and critical reviews, all of which con-
tributed immeasurably to the final product.

The authors wish to express their apprecia-
tion to members of the Mineral Resources
Work Group including:

vi

Harry J. Hardenberg, Deputy State
Geologist, Michigan Geological Survey

Dr. Meredith E. Ostrom, Associate State
Geologist, Wisconsin Geological Survey

Dr. Lawrence F. Rooney, former Head, In-
dustrial Minerals Section, Indiana Geological
Survey

Dr. Hubert E. Risser, Assistant Chief and
Principal Mineral Economist, Illinois Geologi-
cal Survey

Dr. Donald L. Norling, Deputy Director for
Soils and Minerals, Ohio Department of
Natural Resources

Dr. James F. Davis, State Geologist, New
York Geological Survey

Dr. Arthur A. Socolow, Director, Pennsyl-
vania Bureau of Topographic and Geologic
Survey

Dr. Paul K. Sims, State Geologist, Minnesota
Geological Survey

Dr. Carl I. Dutton, Geologist, U.S. Geological
Survey, Madison, Wisconsin

Work group members provided the data
givenin the stratigraphic successions for each
planning subarea, factors that permitted cal-
culation of mineral-bearing land require-
ments, many references, technical advice on
the nature of local land and water use prac-
tices, information on mineral problems, and
critical reviews of the manuscript.
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INTRODUCTION

Purpose

The purpose of Appendix 5, Mineral Re-
sources, is to provide basic data on the mineral
industry and mineral resources. This informa-
tion will aid in the formulation of a com-
prehensive plan for the optimal development
and use of water and related land resourcesin
the Great Lakes Basin.

Scope

This appendix deals principally with the 15
planning subareas that make up the five
Great Lakes Region plan areas. Each plan-
ning subarea chapter includes current and
projected mineral industry development, ex-
tent and availability of mineral resources,
mineral industry land and water use prob-
lems, and recommendations for mineral de-
velopment. All mineral commodities produced
in the planning subareas are included in the
report. Projections of production, land, and
water are limited to those minerals that re-
quire significant land or water resources in
their production. Future land and water use
estimates reflect only the mining and quality
improvement of mineral materials.

Summary production, water, and land use
tables for the Great Lakes Region and the five
plan areas are presented at the end of the
report in the supplementary tables. This sec-
tion also contains additional planning subarea
tables on land disturbed by surface mining,
water intake sources, and water discharge
methods. Summary mineral production tables
for selected commodities by planning subarea
(PSA), plan area, and State are also included.

This report is based entirely upon informa-
tion including published and unpublished
State and Federal government reports and file
data. Heavy reliance was placed on the judg-
ment of professional personnel in industry,
government, and education. No field examina-
tions were undertaken to determine quantity
or quality of mineral resources, the degree of
mineral self-sufficiency, actual or alleged pol-
lution by the mineral industry, extent or na-
ture of specific reclamation programs and
practices, the degree of adoption of technolog-

Xix

icalinnovations, orthe extent of other mineral
industry problems.

Geology and Distribution of Mineral Resources

The geologic history recorded in rocks and
sediments of the Great Lakes Basin repre-
sents three geologic eras, the Precambrian,
Paleozoic and Cenozoic. Rocks of the Pre-
cambrian era, oldest in the Basin, are mainly
dense, hard igneous and metamorphic types
such as granite, basalt, gneiss, marble, and
schist. Although Precambrian rock forms the
basement complex under the entire Basin
area, it is exposed or lies near the surface only
in the northwestern and extreme eastern
parts of the Basin (Figure 5-1).

In the remainder of the Basin, Precambrian
material is overlain by sedimentary rock that
was deposited during the Paleozoic era. These
consist mainly of horizontal to gently dipping
beds of limestone, dolomite, shale, and
sandstone that attain a maximum thickness of
approximately 14,000 feet in the east-central
part of Michigan’s Lower Peninsula. Overly-
ing both Precambrian and Paleozoic bedrock
are unconsolidated sediments deposited dur-
ing the Cenozoic era. These are of glacial and
postglacial origin, forming a layer ranging
from a few inches to several hundred feet in
thickness.

Distribution of rocks and sediments from
each of the three eras also definesthe type and
location of mineral resources and mineral
production within the Basin. Virtually all the
metal resources, including iron, zine, lead,
silver, and copper, occur in Precambrian rock.
These resources are therefore produced in the
northwestern and extreme eastern parts of
the Basin. Paleozoic rock contains oil, gas,
coal; nonmetallic minerals including lime-
stone, dolomite, sandstone, shale, salt, and
gypsum; and natural brines. The occurrence
and production of these fuels and nonmetals
depends on the geographic distribution and
accessibility of certain formations. Nonmetal
deposits of sand and gravel, clay, marl, and
peat, found throughout the Basin, are con-
tained in unconsolidated Cenozoic sediments.
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TABLE 5-1 United States and Great Lakes Region Mineral Production—1968*

Great
Lakes Percent
National Region of
Commodity Quantity Quantity National

Cement:
Portland 376=-pound barrels 388,525,000 45,729,463 11.8
Masonry 280-pound barrels 23,167,000 2,483,654 10,7
Clays and shale short tons 57,233,000 4,139,014 7.2
Coal, bituminous short tons 545,245,000 593,543 0.1
Copper? short tons 1,204,621 74,805 6.2
Iron_ore (usable) long tons, gross weight 81,934,000 56,635,595 69.1
Lead? short tons 359,156 1,396 0.4
Lime short tons 18,637,000 7,744,542 41,6
Magnesium compounds short tons, Mg0 equivalent 525,210 266,406 50,7
Peat short tons 619,161 260,509 42,1
Petroleunm 42~gallon barrels 3,329,042,000 12,974,404 0.4
Sand and gravel short tons 917,739,000 128,947,000 14.1
silver? troy ounces 32,729,000 500,428 1.5
Stone (crushed and broken) short tons 815,946,000 110,557,798 13.5
Stone (dimension) short toms 3,457,000 142,007 4,1
Zinc short tons 529,446 66,194 12.5

lgxcludes petroleum data for New York and Ghio, and natural gas and natural-gas liquids data,

which are not available.
Recoverable content of ores, etc.

Geographic distribution of principal mineral
resources produced in each planning subarea
of the Basin is shown in Figure 5-1. A
generalized stratigraphic succession of major
rock units by era, system, group, and forma-
tion designation is given in each planning
subarea section along with formation thick-
ness and mineral occurrencesin that planning
subarea.

Mineral Resources and Their Significance

Metals, nonmetals, and mineral fuels are
produced in large quantities in the Great
Lakes Region. Metal production in 1968 in-
cluded copper, iron ore, lead, silver, and zine.
Iron ore, the principal metal ore produced in
the Basin, totaled 57 million long tons valued
at $597 million in 1968. This represents 69 per-
cent of U.S. production of iron ore. Nonmetal
production includes bromine, calcium com-
pounds, clays and shale, grindstone, gypsum,
iodine, potash, salt, sand and gravel, crushed
and broken stone, dimension stone, and talc.
The entire 1968 U.S. production of iodine came
from the Great Lakes Region. Sand and gravel
production in 1968 totaled 129 million tons
valued at $124 million, 14 percent of the U.S.
total, while crushed and broken stone produc-
tion totaled 111 million tons valued at $154
million, also 14 percent of the U.S. total. Min-

eral fuels include bituminous coal, natural
gas, peat, and petroleum. Although peat is
considered a fuel substance, it is used primar-
ily as a soil conditioner. In 1968, the Region’s
peat production totaled 619,161 tons valued at
more than $7 million, representing 42 percent
of U.S. production of this commodity. A com-
parison of the Great Lakes Region production
and value of various minerals for 1968 is pre-
sented in Tables 5-1 and 5-2.

Portland and masonry cement, lime, and
magnesium compounds are included in pro-
duction tables for reference only. These com-
modities represent intermediate products
produced by the stone and saline industries.
Minerals used to manufacture the inter-
mediates have a market value in the unpro-
cessed state and are included in the produc-
tion tables under the unprocessed commodity.

Mineral producers are the principal ship-
pers of materials on the Great Lakes. The
movement of coal, limestone, and iron ore,
from all sources, accounts for 80 percent of the
gross tonnage moved annually on the Lakes.

Methodology of Projections
General

The projections of mineral production,
water use, and land use represent one of the
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TABLE 5-2 United States and Great Lakes Region Mineral Production Value—1968! (thousands

of dollars)
Great
Lakes Percent
National Region of
Commodity Value Value National

Cement:

Portland 376-pound barrels 1,227,942 145,975 11.9

Masonry 280-pound barrels 66,259 6,986 10.5
Clays and shale short tons 246,898 5,328 2.2
Copper? short tons 1,008,195 62,607 6.2
Iron ore (usable) long tons, gross weight 836,433 597,233 71.4
Lead short tons 94,903 369 0.4
Lime . short tons 249,639 98,553 39.5
Magnesium compounds short tons, MgO equivalent 43,449 25,087 57.7
Peat short tons 7,230 3,322 45.9
Petroleum 42-gallon barrels 9,794,826 38,287 0.4
Sand and gravel short tons 1,020,336 124,311 12.2
Silver? troy ounces 70,191 1,073 1.5
Stone (crushed and broken) short tons 1,218,105 154,171 12.7
Stone (dimension) short tons 99,648 4,323 4.3
Zinc short tons 142,950 17,872 12.5
Value of items that cannot be disclosed for the Great Lakes
Region: Bituminous coal, bromine, calcium compounds,
grindstones, gypsum, iodine, potash, salt and talc 3,038,604 193,876 6.4

Total 19,165,608 1,479,373 1.7

lpxcludes petroleum data for New York and Ohio, and natural gas and natural-gas liquids

data which are not available.
2Recoverable content of ores, etc.

major work efforts in the preparation of this
appendix. Steps followed in developing these
projections include:

(1) compilation and computerized analysis
of thousands of mineral production records
that served as the historical base upon which
future mineral production was projected

(2) translation of the mineral production
projections, by use of water ratios developed
for :ach planning subarea commodity, into
future water requirements

(3) translation of mineral production pro-
jections into future land requirements using
per-acre mineral yield factors supplied by
State work group members

To establish their validity, all projections
were evaluated with respect to known geologic
conditions, trends in mining and processing
technology, planning subarea population and
industrial growth, possibilities for product
substitution, legal constraints, and specific
problem situations. Many important problems
became evident as a result of this analysis.
They are included in the discussion of each
planning subarea.

Production

Projections of mineral production for
selected commodities in each planning sub-
area are based on the statistical analysis of
previous local production data; U.S. Bureau of
Mines national projections of primary mineral
demand and production trends; various in-
dices such as GNP (Gross National Product),
Wholesale Price Index, and Building and Con-
struction Cost Index that reflect broad na-
tional trends; various modifying parameters
such as population growth patterns, per
capita income, foreseeable technological
changes, planned expansions or decreases in
individual plant size and production capacity,
and anticipated mineral resource depletion,;
and in some cases on economic and engineer-
ing judgment of local production changes.

Projections for petroleum and natural gas
were not made beyond the present reserve
limits of known fields because of the great un-
certainty of future discoveries. Commodities
such as iodine, bromine, tale, and grindstones
are produced by only one or two companies



and cannot be projected with any degree of
accuracy or without disclosing confidential
data. Various types of stone have been com-
bined as either crushed and broken stone or
dimension stone for projection purposes.
Commodities such as magnesium compounds,
potash, calcium compounds, portland cement,
and masonry cement were not projected, as
these are considered to be intermediate pro-
ducts.

The reader is referred to Appendix 19,

Economic and Demographic Studies, for

further details on projected production
methodology and for mineral industry
employment data. The U.S. Bureau of Mines
worked in conjunction with the Economic and
Demographic Studies Work Group on both
production and employment projections.
These, along with a detailed methodology, com-
pose a separate section in that appendix. Ap-
pendix 19 also provides insight into the overall
role of mineral production in the Basin’s
economy.

Water

Water use projections for each planning
subarea are based on mineral-producer use
patterns as determined by the 1962 U.S.
Bureau of Mines Water Canvas of the Mineral
Industry. The 1962 data were updated and
modified to more accurately reflect conditions
in 1968 and anticipated trends for the projec-
tion years. Water use is subdivided and de-
fined as follows:

New Water Intake—water introduced from
external sources for the first time.

Discharged Water—water (not recirculated
or consumed) disposed to external sources.

Recirculated Water—water reused to con-
serve new water.

Consumed Water—water lost by evapora-
tion as well as water lost in product.

Total Water—the quantity of water used to
produce the finished product.

The mathematical relationships between
the water use categories are as follows:

New Water Intake = Discharged Water +
Consumed Water

Total Water = New Water Intake + Recircu-
lated Water

Water use ratios for each of the above defini-
tions were computed in gallons of water per
ton of production for each commodity. This
ratio times projected annual production yields
the quantity of water required annually, ex-

pressed in millions of gallons. Depending upon -
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the length of the production year, the number
of production days was divided into the annual
water requirement to provide daily water us-
age, expressed in millions of gallons per day
{mgd), for each commodity. To avoid listing
commodities with insignificant water usage,
only the sum of the various water use
categories is presented in the tables. Water-
using commodities in each planning subarea
are identified in the text in order of impor-
tance. Water use projections were not made
for petroleum and natural gas although cur-
rent water usage is described when known.

Land

Translation of production projections into
annual land use requirements necessitated
use of specific data on the occurrence of min-
eral deposits in each planning subarea. Data
on the average mineable thickness for each
type of deposit and average density of the
mineral material were combined to give an
estimated yield per acre of mineral-bearing
land. State representatives to the Mineral
Resources Work Group provided these factors
for each commodity in their respective plan-
ning subareas because of their more intimate
knowledge of local mineral occurrences. Each
mineral-commodity projection was then di-
vided by the appropriate estimated yield-per-
acre factor to arrive at the total number of
acres of mineral land required during the pro-
jection years. Estimated yields of mineral-
bearing land by planning subarea and com-
modity are given in Table 5-8. The wide range
in yields primarily reflects the difference in
deposit thickness from one planning subarea
to another. The weighted yield factors given
for Planning Subareas 1.1, 2.1, 2.2, 2.3, and 4.2
result from differences in deposit thickness
giving different yields from one State to
another within the same planning subarea.
The weighted factors are based on the share of
total mineral output attributed to each State
within each of these planning subareas.
Specific figures used in calculating these
weighted yields cannot be disclosed without
indirectly providing access to certain confi-
dential production data.

A slightly different methodology is required
to arrive at the land use estimate for peat. All
peat is assumed to be produced by the farming
method, in which only the top few inches of a
bog are removed each year. The cumulative
projected production of peat was divided by
the estimated yield as shown in Table 5-3 to
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TABLE 5-3 Estimated Yields of Mineral-Bearing Land by Planning Subarea and Commodity (tons

per acre)

Plan-

ning  Clay Sand

Sub-  and and Stone, Stone,
area shale Coal Gypsum Peat gravel crushed dimension
N R e 18,000 61,0001 325,000l ———————
1.2 == ————— 54,000 223,000  ——=—==-
2.1 74,0001 ————————————————— 1 60,2001 86,7001 21,000
2.2 75,0007 4,920 @ —m-e-—- 3,000 84,000 804,000l © 21,000
2.3 88,000 =m=me= 0 emme—e 6,000 76,000 29,900 11,000
2.4 88,000 ---——= @ 0—————— e 65,000 204,000  —=—=——-
3.1 141,000 ---—- 93,000 —=—-=-- 76,000 427,000 19,000
3.2 70,000 - - 8,000 33,000 56,000 11,000
4.1 70,000 —-—-- @ —e——ee 8,000 109,0001 167,000l ———————
4.2 17,500 —---- 31,000 ——~--- 49,300 352,000 295,000
4.3 70,000 —===- @ meeeem memeee 43,600 295,000 147,000
4.4 70,000 —====  —em——— 8,000 65,000 223,000 ——————
5.1 mmmmmem e e e 54,000 204,000  =me—=——-
5.2 70,000 ~-—- ————— 8,000 33,000 18,000 - -—=——==-
5.3 -—- - - 76,000 167,000  ——=——--

lWeighted estimates based on mineral yield per acre and share of total
production attributed to each State within the planning subarea.

determine the quantity of peat-bearing land
that would be exhausted during the projection
period. In addition, an average production
rate of 134.4 tons of peat per acre per year was
divided into the peat projection to determine
the quantity of peat-bearing land necessary to
sustain the projected annual production of
peat. Total land required for peat production
is therefore the sum of the exhausted land
plus the acreage required for annual produc-
tion.

In addition to the requirements for
mineral-bearing lands, certain mineral pro-
ducers have need of large acreages for process
plant sites, ore storage areas, overburden and
waste rock dumps, and tailings ponds. Within
the Basin, this surface land use accounts for
much of the land requirements projected for
iron ore and all of the land projected for copper
and zinc-lead. Use of non-mineral-bearing
land anecillary to metal mining generally in-
creases at irregular intervals as required
rather than in annual increments. Land so
employed is considered a relatively perma-
nent addition to total acreage used, and is
therefore constant for the projection period.

To determine the size and time of acreage in-
creases for the various metal mining districts,
heavy reliance was placed on engineering
judgment, individual company expansion
plans, and published long-range plans such as
the Regional Development Plan for the
Mesabi and Vermilion Ranges, Minnesota.1¢

For various technical reasons the Mineral
Resources Work Group was concerned about
the usefulness of land use projections. The
principal concern is that the projections can
be misleading or misinterpreted if the user of
the data is unfamiliar with the nature of min-
eralresources and mineral industry activities.
Three important relationships are discussed
to help the reader better interpret the land
use projections. These are the relationship be-
tween estimated yield-per-acre and occur-
rence of mineral deposits; the relationship be-
tween acreage estimates and availability of
mineral-bearing lands; and the relationship
between rate of mineral land usage and rec-
lamation of mined lands.

The estimated yield-per-acre factor used in
caleulating the land use seems to imply that
minerals occur in uniform deposits evenly dis-



tributed across a planning subarea. In fact,
each mineral deposit is a unique oceurrence,
limited in size, shape, and quality and contain-
ing only a fixed quantity of usable material.
Output from one deposit and the acreage sup-
porting its production can differ considerably
from that of another deposit, even when these
deposits are in close proximity.

Acreage estimates calculated for each com-
modity may give the impression that all
mineral-bearing lands have been located and
will be available when needed. This is not the
case. Mineral deposits are hidden beneath the
surface of the earth and conclusions as to their
occurrence and distribution must rely heavily
upon incomplete field data and the extension
of geological principles and theories. Land
projections can only assume the existence of
mineral-bearing land. The number of parcels
and location of the acreage is not known. Once
a deposit has been located and mapped, it may
not be available for mineral extraction due to
competing land uses or land use restrictions.
If mineral production is to be sustained
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throughout the projection period, it becomes
critical to locate mineral occurrences and to
conserve the deposits for mineral extraction
once they are found.

Although a vast quantity of mineral-
bearing land is required to support projected
mineral production, the assumption should
not be made that this land will yield its min-
eral wealth and serve no useful purpose either
before or after mineral extraction. Mineral
land should be preserved for use, but prior to
removal of the mineral material, many non-
destructive land uses can occupy the land sur-
face. The time required for actual mineral
production is in most cases short, and once the
mineral is removed the land can be subjected
to modern reclamation practices. Specific
practices and sequential land usage must be
considered on an individual mine basis and
therefore are beyond the scope of this report.
However, recognition of such practices is
necessary to understand overall land use pat-
terns of the mineral industry.



Section 1

PLAN AREA 1.0

1.1 Planning Subarea 1.1, Lake Superior West

1.1.1 Status and Potential of the Mineral
Industry

1.1.1.1 Resume

Mineral commodities produced in the four
Minnesota and four Wisconsin counties that
comprise Planning Subarea 1.1 include clay,
iron ore, peat, sand and gravel, and stone
(gabbro and basalt). Qutput and value of these
products for 1960 and 1968 are summarized in
Table 5-4. Cement and lime, manufactured at
Duluth, Minnesota and Superior, Wisconsin
from imported Michigan limestone and local
blast furnace slag, are considered manufac-
tured products and are included in the table
for reference only. Because of the limited
number of producers of cement, lime, peat, and
stone, the quantities and values of these com-
modities must be withheld to avoid disclosing
individual company confidential data. The

TABLE 5-4 Planning Subarea 1.1:

value of iron ore is also withheld so that the
total value of mineral products for Planning
Subarea 1.1 and Plan Area 1.0 can be pub-
lished. An estimated value of $424,000,000 for
iron ore is obtained by using the 1968 average
mine value for iron ore for the State of Min-
nesota,* $9.92 per long ton, times the tonnage
produced in the planning subarea. Total value
of mineral production in the planning subarea
in 1968 was $442,447,329, with the estimated
value foriron ore accounting for nearly 96 per-
cent. From 1960 to 1968, all mineral com-
modities of Planning Subarea 1.1, with the ex-
ception of manufactured portland and
masonry cements, increased in both output
and value. :

Atotal of 125 mineral operations were active
in 1968. All counties had sand and gravel oper-
ations, two had production from peat bogs and
stone quarries, and one county had a clay pit.
All iron ore mines were in St. Louis County,
Minnesota. Distribution of producing sites by
State, county, and type of operation is pre-

Mineral Production, 1960 and 1968

1960

1968

Commodity Quantity Dollar Value Quantity Dollar Value
Cement:
Portland 376-pound barrels W W W W
Masonry  280-pound barrels W W W W
Clay short tons 20 80 50 100
Iron ore (usable) 1long tons,
gross weight 42,239,727 369,530,900 42,749,198 W
Lime short tons W W W W
Peat short tons W W W W
Sand and gravel short tons 3,271,472 2,159,172 5,754,000 3,687,000
Stone (crushed
and broken) short tons W W 55,000 W
Stone (dimension) short tons W W 188 W
Value of items that cannot
be disclosed —————————— 7,928,503 =vm—m—e——- 438,760,229
Total Planning Subarea 1.1  ———=—==——- 379,618,655 = —=mrmm—e——- 442,447,329

W Withheld to avoid disclosing individual company confidential data; included
with "value of items that cannot be disclosed."

1
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TABLE 5-5 Planning Subarea 1.1: Active
Mineral-Producing Sites by State, County, and
Type of Operation, 1968

Iron Sand and
Clay Ore Peat  Gravel

State Stone Quarries

County Pits Mines Bogs Pits Gabbro Basalt
Minnesota
Carlton 1 - 1 13 - -
Cook - - - 2 - -
Lake - -1 - 8 - -
St. Louis - 38 1 31 = 1
Subtotal 1 38 2 54 0 1
Wisconsin
Ashland - - - 2 2 -
Bayfield - - - 4 - -
Douglas - - - 18 - -
Iron -z = ol = il )
Subtotal Q o 0 ﬂ 3 2
Total 1 38 2 81 2 1

lIncludes 29 open-pit mines and 9 stockpile recovery
operations.

sented in Table 5-5. Locations of selected op-
erations are shown in Figure 5-2.

1.1.1.2 Resources and Reserves

The bedrock geology of Planning Subarea
1.1 is imperfectly known. Rocks of Precam-
brian age, including some of the oldest rocks in
the United States, have been faulted, folded,
metamorphosed, intruded, and eroded, and
are now found under Cretaceous sediments
and glacial debris. The complex relationship
between various Precambrian formations is
known only where the bedrock extrudes,
where it has been exposed in surface and un-
derground mines, or where it has been ob-
tained as drill cores. The more significant for-
mations, such as the Ely Greenstone, Duluth
(gabbro) complex, and the several iron forma-
tions, have been broadly defined due to explor-
ation interest. Much detailed work remains
to be done before the geology is completely
understood. This also applies to younger
sedimentary formations, some of which have
been classified as both Cambrian and late Pre-
cambrian in age. Bedrock of the planning sub-
area is iron formation in some locations and
elsewhere provides a variety of stone suitable
for quarrying. The bedrock also holds much
potential for future mineral production. Over-
lying the bedrock are unconsolidated sedi-
ments of the Quaternary system that contain
deposits of clay, peat, and sand and gravel. All
the minerals currently produced in the plan-
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ning subarea are extracted from pits and
quarries, though underground iron mining did
take place in the past. A generalized strati-
graphic succession of Planning Subarea 1.1 is-
presented in Table 5-6 along with the forma-
tion thickness and mmineral occurrences.

Portions of the Mesabi, Gogebic, and
Gunflint iron ranges, as well as the entire
Vermilion Range, are found within this area
(Figure 5-2). At present, production is limited
to the Mesabi Range where 29 mines and 9
stockpile recovery operations were active in
1968. Since mining first began on the Mesabi
in 1892, shipments of hematite and magnetite
ore from St. Louis County have totaled
2,130,000,000 gross tons. Current mining em-
phasis is on concentrates from magnetic taco-
nites, with a subsequent reduction in natural
or direct shipping-ore production. Five taco-
nite plants were active in 1968 (Figure 5-2),
with production from the National Steel Pellet
Project split between St. Louis County and
Itasca County, which lies outside the planning
subarea. Production from these five pellet op-
erations accounted for more than 63 percent of
the iron ore produced in the area in 1968. Iron
ore products are transported by rail to the
ports of Taconite Harbor, Silver Bay, Two
Harbors, Duluth, and Superior for transship-
ment by lake freighter to consuming districts
in the lower Great Lakes Region. Reserves of
Mesabi ore include 855 million gross tons of
measured ore and 500 million gross tons of
indicated-inferred ore, both averaging 50 per-
cent Fe. Magnetic taconite reserves contain-
ing 200 percent Fe include approximately 6
billion gross tons of indicated-inferred ore and
15 billion gross tons of potential ore.® All iron
mining activity within the planning subarea
during the projection years is expected to be
centered on the Mesabi Range, with taconite
operations completely replacing natural ore
production by 1980.

Mining first began on the Wisconsin portion
of the Gogebic Range in 1885 and continued
until the last mine closed in 1965. The bulk of
the 70,696,000 gross tons of hematitic ore pro-
ducedin Wisconsin during this time came from
deep underground mines, some of which ex-
ceeded 3,500 feet in depth. Reserves of ore in-
clude 6,500,000 gross tons of measured ore, 30
million gross tons of indicated-inferred ore,
both with a 52 percent Fe content, and 5 billion
gross tons of potential ore with a 25 to 35 per-
cent Fe content.® Although the reserves of
iron ore on the Gogebic Range are extensive,
most of the reserves are too deeply buried or
are not readily amenable to benefication
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TABLE 5-6 Planning Subarea 1.1: General Stratigraphic Succession and Mineral Resources
Thickness Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary 0-200 Clay, peat, sand,
" and gravel
Mesozoic1 Cretaceousl Coleraine Sh.l 0-100
Precambrian Upper 1 2 9
Precambrian™ Bayfield Chequamegon Ss. 0-1,000
Upper 2 2
Keweenawan  Devils Island Ss. 0-300 Silica sand(p)
Hinkley Ss.l 0-100
Orienta Ss.2 0-3,000 Stone(p)
Fond du Lac Ss.l 0-2,000
Oronto2 Freda Ss.2 0-12,000
Nonesuch Sh.2 0-350 Copper(p)
Outer Cong.2 0-1,200 Iron(p), stone(p)
Middle 0-21,000 Stone, titanium(p)1
Keweenawan iron(p), copper(p)
nickel(p); alum.(p)
Lower 1
Keweenawan  Puckwunge Fm. 0-200
Middle 4 1
Precambrian . Animikie Algoman Granite Iron, stone(p)
Lower 1,5 1
Precambrian Knife Lage Ely Greenstone 0-21,000 TIron(p)
Keewatin Iron(p), base
metals(p), stone
Source: Meredith E. Ostrom, Wisconsin Geological Survey and references 11, 12, 18.

Note:
listed above.
In Minnesota
In Wisconsin

Indented names indicate approximate equivalents of those of another State

Formation includes Duluth, Gabbro, Logan 1ntrusives, Beaver Bay Complex, Keweenaw

Point Complex, North Shore Volcanics,

Formation in Wisconsin Tyler Slate, Ironwood Iron Fm. Palms Qtzite., Bad River Dol.,

Sunday Qtzite.
(Gunflint Iron Fm.), Pokegama Qtzite.

Formation in Minnesota Virginia S1. (Rove S1.), Biwabik Iron Fm.

Formation contains 18-20 members of slate, graywacke, iron formation, conglomerate,

tuff, lava, and intrusives.
(p) Potential Resource

under current practices. Production is not an-
ticipated during the projection period.
Exploratory work that has been carried out
on the Gunflint Range resulted in numerous
test pits and minor shipments of handsorted
ore but no extensive mining operations. The
iron formation is composed essentially of
thin-bedded magnetic taconite. Average as-
says of the iron-bearing members range be-

tween 22 and 25 percent Fe. No estimate of
reserves is available. Thinness, low grade,
steep dip, and difficulty of beneficiation pre-
clude the development of this range at least in
the foreseeable future.

Iron ore was mined on the Vermilion Range
exclusively by underground methods from
1884 until cessation of production in 1967. A
total of 103,752,604 gross tons of ore was ship-



ped during this interval. Considerable re-
serves of iron ore remain, composed primarily
of hematite but with some magnetite, averag-

- ing 56 percent Fe. Included are 6 million gross

tons of measured ore, 25 million gross tons of
indicated-inferred ore, and 330 million gross
tons of potential ore. A large tonnage of poten-
tial ore composed of jaspilite containing 35
percent Fe is also present, though no exact
estimate is available.® Although large ton-
nages of reserve ore are available on the Ver-
milion Range, no production is anticipated
during the projection period.

In addition to the iron ranges, reserves of
titaniferous iron ore are contained in the
Duluth gabbro. The bulk of these reserves are
lean ore with an average assay of 25 percent
Fe and 14 percent TiOz2. Reserve tonnage in-
cludes approximately 24,600,000 gross tons of
measured ore, 60,500,000 gross tons of indi-
cated ore, and 9,500,000 gross tons of inferred
ore.'* Fourteen deposits with reserves in ex-
cess of one million tons aceount for more than
86 percent of the total reserve tonnage. These
deposits will remain as potential iron and
titanium sources until technology or market

demands makes their extraction and process- -

ing economically feasible.

Stone production in the area is currently
limited to the quarrying of gabbro and basalt.
Dimension gabbrois produced at two locations
in Ashland County for use as architectural
and monument stone. Annual production
amounts to only a few hundred tons, and re-
serves are sufficiently large to support pro-
duction for many years. Basalt is produced
near Duluth in St. Louis County and erushed
for local use as aggregate and roadstone. Re-
serves of this material are extremely large,
and can support production throughout the
projection period. Various types of rock includ-
ing basalt, granite, marble, slate, anorthosite,
and sandstone have been quarried at various
locations in the past for use as dimension or
crushed stone. Waste rock produced in con-
junction with iron mining on the Vermilion,
Mesabi, and Gogebic ranges has been used
locally for railroad and highway construction
and repair. The opening of new stone quarries
depends primarily upon local demand for di-
mension and ¢rushed stone products. To a less-
er degree, the demand for dimension stone in
larger population centers outside the plan-
ning subarea may stimulate production of
specialty stones or silica sand in the future.

Clay production is limited to one site in
Carlton County. The 50 tons of glacial lake clay
produced at this pit in 1968 were used for
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tourist pottery and wall and floor tile. Glacial
lake clay deposits exist at various locations
within the planning subarea. The Coleraine
shale in St. Louis County may have value as a
clay material or for the manufacture of light-
weight aggregate. Because these potential re-
sources have not been thoroughly investi-
gated, no reserve estimate for clay or shale is
available. Future production of clay is primar-
ily contingent upon local market demands,
which may or may not develop during the pro-
jection period.

Production of peat is limited to only two lo-
cations, not by a lack of quality deposits but by
excessive distances to the major market
areas. Most peat produced in Carlton County
and reed-sedge peat produced in St. Louis
County are used for horticultural purposes as
a general soil conditioner. Local demand for
this material is small. Producers in other
areas of the country are closer to markets out-
side the area, and therefore maintain a com-
petitive edge. Reserves of peat in Minnesota
on an air-dried basis include more than 900
million tons in St. Louis County, 100 to 900
million tons in Lake County, 1 to 100 million

) tons in Carlton County, and less than one mil-

lion tons in Cook County.?® Workable peat beds
also occur in the Wisconsin portion of the :

but these areless common thanthe Minnesooa
deposits and no estimate of reserves is avail-
able. Reserves of peat in the planning subarea
are sufficiently ample to support production
well beyond the projection period.

Deposits of sand and gravel are found in the
glacial and postglacial sediments that cover
the entire area. Quality deposits are abundant
and should be more than ample to meet local
demand for many years. In those instances
where glacial cover may be thin or lack sand
and gravel deposits, bedrock can be quarried
and crushed as a substitute material. No esti-
mate of the quantity or quality of sand and
gravel reserves is available.

In addition to the minerals currently pro-
duced, certain potential resources warrant
consideration because of their prospects for
future development.

A potential source of aluminum existsin the
intrusive anorthosite bodies occurring along
the shore of Lake Superior in Lake and Cook
Counties (Figure 5-2). These anorthosite
bodies contain between 29 and 32 percent
A1203, no free silica, and only small amounts of
extraneous mineral material. As such they
have excellent potential as low grade
aluminum sources. Potential reserves of anor-
thosite are estimated at 100 to 500 million
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tons. The proximity of these deposits to water
transport routes adds to their desirability. Al-
though it is not economically feasible to use
these low grade deposits while 50 to 60 percent
A1203 bauxite is available, use of such low
grade deposits will probably .be necessary
within the next 10 to 20 years.®

The presence of copper and nickel sulfidesin
the Duluth gabbro of Minnesota and Wiscon-
sin has been known since the late 1800s and
has at various times stimulated exploration
interest (Figure 5-2). The low grade of the de-
posits has prevented the mining of this mate-
rial. Recent increases in metal prices, and con-
stantly improving mining and metallurgical
technology, have again stimulated interest in
these sulfide deposits. The results of much of
the exploration activity are not available but
from the published information it appears
that some marginal ore has been found. It is
anticipated that some copper-nickel mining
activity will begin within the projection
period, but the location and site of such opera-
tions must at present remain open to specula-
tion.

The Ely Greenstone belt, a portion of which
lies within St. Louis and Lake Counties, may
contain potential sulfide ore bodies (Figure
5-2). Considerable base metal mining activity
has taken place on the Canadian extension of
the formation. Indications of mineralization
on the Minnesota portion are sufficient jus-
tification for detailed exploration of the
greenstones. Creation of the Voyageurs Na-
tional Park has complicated the exploration
issue as portions of the greenstone belt have
been considered for inclusion in the park. As a
result, opposition to exploration has been gen-
erated by conservation groups. The outcome
of this controversy and the location of work-
able deposits remains sufficiently in doubt to
preclude any definite statement on the future
potential of the greenstones,

Occurrences of kyanite, with associated
garnet, are found in quantity in Iron County.
These deposits may have commercial pos-
sibilities but lack of clear title to mineral
rights has forestalled any detailed explora-
tion.

1.1.2 - Mineral Industry Projection
1.1.2.1 Production

Mineral Production for Planning Subarea
1.11is summarized in Table 5-7 for 1968 and for

TABLE 5-7 Planning Subareal.1: Projected
Mineral Production by Selected Commodities
(thousands of short tons unless otherwise noted)

1968

1 to o
Commodity 1968 1980 2000 2020 2020
Iron ore’ 42,749 49,600 68,100 93,600 3,337,600
Peat w 12 15 20 752
Sand and gravel  $,754 6,720 11,020 18,060 538,520
Stone, crushed* 55 108 176 289 8,618
;Actual
Cunmulative

B~ W

Thousands of long tons

Basalt

W Withheld to avoid disclosing individual company
confidential data

projection years 1980, 2000, and 2020. All min-
eral production is expected to increase during
this period. Cumulative production over the
projection period is also included in the table,
and provides an estimate of the vast quan-
tities of mineral material that will be pro-
duced. There is the strong possibility that
aluminum-bearing anorthosite, titaniferous
iron ore, and copper-nickel sulfides will be
mined in the area within the next 50 years. A
more remote possibility exists that base metal
sulfides and kyanite will be mined during this
period.

1.1.2.2 Water

Water is used only in the production of iron
ore and sand and gravel. Water use patterns
for 1968 and for the projection years are pre-
sented in Table 5-8. Sand and gravel produc-
tion is seasonal (from May through October).
Water used by this industry is insignificant,
less than one-fourth of one percent ofthe total,
and is therefore included with the iron ore use
on an annual basis. At the conference on The
Matter of Pollution of the Interstate Waters of
the Lake Superior Basin, Duluth, Minnesota,
on May 13, 1968, Edward M. Furness, presi-
dent of Reserve Mining Company, Silver Bay,
Minnesota, gave the capacity ofthe Silver Bay
Taconite Plant as approximately 10 million
tons of iron ore pellets annually and water use
at the plant as 350 thousand gallons per min-
ute. This was translated into 504 million gal-
lons per day (mgd). It was assumed that the
plant would consume one percent, or 5 mgd,
and discharge the remaining 499 mgd back
into Lake Superior. Plant capacity and water
use were held constant for the projection
period. Upward trends in water use categories
reflect the expected needs of iron ore proces-



TABLE 5-8 Planning Subareal.l: Projected
Mineral Industry Water Use (millions of gallons
per day)

19681 1980 2000 2020
New intake 542 572 604 649
Discharged 500 500 500 502
Recirculated 329 606 889 1,279
Consumed 42 72 104 147
Total water 871 1,178 1,493 1,928

lEstimated
Intake plus recirculated

sing plants in the immediate vicinity of the
Mesabi Iron Range. Plants on the iron range
recirculate all processing waters, and new in-
take only makes up for water consumed dur-
ing processing. Discharge from mine unwater-
ing, which is controlled and monitored by the
Minnesota Conservation Department, wasnot
included in Table 5-8, nor were any require-
ments included that may result from the min-
ing of copper-nickel sulfide, titaniferous iron
ore, or aluminum.

1.1.2.3 Land

As mineral substances are removed from
the ground and the deposits are depleted, new
mineral-bearing land must be brought into
production. The land required to maintain
projected mineral production is summarized
in Table 5-9. The bulk of required land is cen-

TABLE 5-9 Planning Subarea 1.1:
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tered around the Mesabi Iron Range. The Re-

.gional Development Plan for the Mesabi and

Vermilion ranges has taken the requirements
of the mineral industry into account in the
land use plan.1® Land use requirements for all
mineral commodities should be planned on a
long-range basis and other land users should
be discouraged from preempting mineral-
bearing lands until after the deposits have
been mined.

1.1.3 Mineral Problems

The large size of the mineral industry and
the intense degree of exploration within Plan-
ning Subarea 1.1 have contributed to a number
of serious environmental and technical prob-
lems. The Regional Development Plan for the
Mesabiand Vermilion Rangesis an attempt to
plan orderly expansion of the iron industry,
the local communities, and the growing
tourist and recreation industries.!® Land use
patterns have been planned around the iron
formation, the processing plants, and the tail-
ings disposal area, providing for the orderly
economic growth of the area while satisfying
the needs of the local populace. The effects of
dumping taconite mill tailings in Lake
Superior at Silver Bay have been under study
by the Reserve Mining Company, Environ-
mental Protection Agency, U.S. Army Corps of
Engineers, Bureau of Mines, U.S. Geological
Survey, U.S. Fish and Wildlife Service,
Bureau of Commercial Fisheries, various

Projected Mineral-Bearing Land Requirements! (acres)

1968 1968 1968
) 1:03 to3 t03
Commodity 1968 1980 1980 2000 2000 2020 2020
Iron ore 50,000 75,000 75,000 150,000 150,000 250,000 250,000
Peat 600 600 600 650 650 700 - 700
Sand and
gravel 94 110 1,153 181 4,061 296 8,828
Stone, .
crushed @ ~ === b 4 3 ————— 4 11 1 27
Total 50,694 75,710 76,756 150,831 154,722 250,997 259,555
;Includes non-mineral-bearing surface lands required for iron ore production
3Estimated
4Cumulative

Less than an acre
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Minnesota, Wisconsin, and Michigan State
agencies, and interested conservation groups.
Although this situation has been the subject
of considerable study and debate, the problem
is still unresolved. For more details on the is-
sues involved in the controversy, the reader is
referred to Williams,33 and the Federal Water
Pollution Control Administration.!!

The inclusion of potential mineral lands in
the Voyageurs National Park has been the
cause of concern and study by a number of
groups. Proposed exploration activities in the
Boundary Waters Canoe Area have recently
come under fire by conservation groups who
wish to preserve this wilderness area. Legal
actions have been initiated to prevent explo-
ration drilling on private lands and the entire
matter remains controversial. The caved
ground and abandoned mine shafts located
along the Gogebic Range in Wisconsin are the
subject of a current study by the Bureau of
Mines. A safety hazard exists where stopes
have caved to the surface and where aban-
doned shafts have not been capped or filled.
Recommendations for remedial measures are
expected to come from this study.

Technical problems include development of
economical solutions to the environmental
problems discussed above. Improvements are
also being sought in exploration techniques
for deeply buried ore bodies, development of
economic beneficiation of low-grade hematites
and metal sulfides, improvement of material
handling techniques (particularly during the

winter months) and improvement in the stor-
age or disposal of lean ore, waste rock, stripped
overburden, and tailings.

1.1.4 Summary and Conclusions, Including
Alternatives

Reserves of all mineral commodities pro-
duced in the area exist in quantities large
enough to support production activity for the
next 50 years. Presence of mineral resources
does not guarantee availability. It is recom-
mended, therefore, that existing planning and
study efforts incorporate additional programs
to insure that valuable mineral resources are
preserved and that planned development in-
cludes mineral extraction.

Periodic surveys of water use patterns of the
mineral industry are recommended to keep
abreast of intake and discharged water use
changes.

1.2 Planning Subarea 1.2, Lake Superior East

1.2.1 Status and Potential of the Mineral
Industry

1.2.1.1 Resume

Mineral commodities produced in the nine
northern Michigan counties comprising Plan-
ning Subarea 1.2 include copper, iron ore, sand

TABLE 5-10 Planning Subarea 1.2: Mineral Production, 1960 and 1968

1960 1968
Commodity Quantity Dollar Value Quantity Dollar Value
Copper1 short tons 56,385 36,199,170 74,805 62,607,296
Iron ore (usable) long tonms,
gross weight 6,773,116 62,223,817 9,250,340 W
Sand and gravel short tons 2,018,574 1,567,466 1,965,000 1,418,000
Lime short tons W W
Silver troy ounces 472,813 1,013,995
Stone (crushed
and broken) ghort tons W %) W W
Stone (dimension) short tons 145 3,050
Value of items that cannot.
be disclosed ———————— 4,126,192 2  —————me—mm 117,244,954
Total Planning Subarea 1.2  «———e——e— 104,119,695 ————— 182,284,245

W Withheld to avoid disclosing individual company confidential data; included with
“"value of items that cannot be disclosed."

1
Recoverable content of ores



TABLE 5-11 Planning Subarea 1.2: Active
Mineral-Producing Sites by State, County, and
Type of Operation, 1968

Stone Quarriles

Sand and Limestone
State Copper Iron Ore Gravel and
County Mines Mines Pits Basalt Dolomite
Michigan
Alger - - 2 - -
Baraga - - 1 - -
Chippewa - - 4 - 1
Gogebic - - 9 - -
Houghton 22 - 3 2 1
Keweenaw 12 - 1 - -
Luce - “b 2 - -
Marquette - 7 10 - -
Ontonagon _l_c = 3 = -
Total 4 7 35 2 2

3These underground mines ¢losed in 1969.

Includes 5 open-pit and 2 underground mines.

A11 of the planning subarea's silver output is a by-product
of the copper produced at this underground mine.
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and gravel, silver, and stone (limestone, dolo-
mite, and basalt), Output and value of these
products for 1960 and 1968 are summarized in
Table 5-10. From 1960 to 1968, iron ore, copper,
and crushed stone increased in output and
value, sand and gravel decreased, and dimen-
sion stone and lime production ceased. The
value of mineral products in 1968 was
$182,284,245. Iron ore and copper production
accounted for more than 95 percent of this
value.

A total of 51 mineral operations were active
in 1968. All counties had sand and gravel pits
while three counties had copper mines, and
two counties reported production from stone
quarries. Alliron ore mines were in Marquette
County. Distribution of producing sites by
State, county, and type of operation is pre-
sented in Table 5-11. Location of selected op-
erations is shown in Figure 5-3.

TABLE 5-12 Planning Subarea 1.2: General Stratigraphic Succession and Mineral Resources
Thickness Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary Sand and gravel
Paleozoic Silurian Engadine Dol. 0-500 Stone
Manistique 0-500 Stone
Burnt Bluff 0-500 Stone
Cataract 100-110
Ordovician Richmond 375-425
Trenton Stone
Black River 150-250 Stone
Prairie du
Chien 0-1,200
Cambrian Trempealeau Fm.
Munising Fm. 0-1,200
Jacobsville Ss. Stone
Precambrian Upper
Precambrian Freda Ss.
Nonesuch Sh. Copper, silver
Copper Harbor
Cong.
Portage Lake
Lava Series Copper
South Range
Series Copper, stone
Middle
Precambrian Paint River
Baraga Iron
Menominee Iron
Chocolay Stone
Lower
Precambrian Stone
Source: Harry J. Hardenberg, Michigan Geological Survey.
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1.2.1.2 Resources and Reserves

Bedrock in Planning Subarea 1.2 is com-
posed of Precambrian, Cambrian, Ordovician,
and Silurian formations, which yield iron ore,
copper, silver, and stone. Overlying the bed-
rock are unconsolidated glacial and postgla-
cial sediments of the Quaternary system that
yield only sand and gravel. A generalized
stratigraphic succession of the area is pre-
sented in Table 5-12, along with formation
thickness and mineral occurrences. Copper,
by-product silver, and minor amounts of iron
ore are mined by underground methods;
stone, sand and gravel, and most iron ore are
mined by surface methods.

The Marquette Iron Range and a portion of
the Gogebic Iron Range lie within Planning
‘Subarea 1.2 (Figure 5-3). The Marquette Iron
Range, in Marquette and Baraga Counties,
produced the first ore in the Lake Superior
region in 1845, and shipped the first ore via the
Great Lakes in 1852. Cumulative production
since this time has totaled 369,687,000 long
tons. Production in 1968 came from two un-
derground and four open-pit mines. In addi-
tion, an underground mine that had closed in
1967 shipped stockpiled ore. The bulk of the
iron ore produced on the Marquette Range is
concentrated, agglomerated, and pelletized
before being shipped through the Port of Mar-
quette to consuming distriets in the lower
Great Lakes Region. Reserves of hematite ore
include 65 million long tons of measured and
185 million long tons of indicated-inferred ore
averaging 51 percent Fe. Reserves of potential
taconite ore averaging 25 to 45 percent Fe are
estimated at 17 billion long tons.® These re-
serves are sufficient to support production
well beyond the projection period.

The Michigan portion of the Gogebic Range,
located in Gogebic County, has recorded no
production since the Peterson Mine closed in
1967. Since production first began at the Colby
Mine in 1884, the Michigan portion of this
range produced 249,626,000 long tons of iron
ore. Reserves of hematite ore remaining in-
clude 31 million long tons of measured ore and
70 million long tons of indicated inferred ore
averaging 52 percent Fe. Potential taconite
ore containing 25 to 45 percent Fe is estimated
at 2,750,000,000 long tons.? Most of the ore re-
serves on the Gogebic Range are deeply buried
and are not easily concentrated under current
technological practices. They are unlikely to
be of economic importance during the projec-
tion period. New technological breakthroughs
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may result in a revival of mining activity at
some future date.

The deposits of native copper in Keweenaw,
Houghton, and Ontonagon Counties were first
mined 3,500 to 4,000 years ago by prehistoric
Indians who removed an estimated 250,000 to
500,000 tons of copper with fire, water, stone,
and human effort.? This prehistorie mining ac-
tivity had ceased many years before the first
white explorers entered the area. These early
explorers did note the presence of native cop-
per and several early exploratory mining ven-
tures were unsuccessfully attempted. Modern
copper mining activity dates from 1844 with
the opening of the Cliff Mine near Eagle River.
Numerous mines have been active in the cop-
per district over the years with production
through 1968 totaling 5,866,388 tons of copper
metal. Four underground mines were active in
1968. Since this time three of these have
closed. The remaining mine, the White Pine
Mine, produces copper from a sulfide ore de-
posit in sedimentary host rocks younger than
the lavas of the native copper deposits. This
mine also produces silver in conjunction with
the copper. Reserves of both native and sulfide
ore are estimated at 600 million tons of
measured-indicated ore averaging 1.5 percent
Cu, 3 billion tons of inferred ore averaging 1.0
percent Cu, and 10 billion tons of potential ore
averaging 0.5 percent Cu. The above reserves
also contain .10 to .25 ounces of silver per ton.
Sufficient reserves of sulfide ore are present
to support production well beyond the projec-
tion period. Although native copper consti-
tutes the bulk of the reserves, future produc-
tion from native metal deposits is contingent
upon the resolution of numerous technical,
economic, and labor problems. It is anticipated
that these problems will be solved and that
native copper mining will again take place in
the area, although a timetable for this event
would be speculative at present. The occur-
rence of copper sulfides in a quartzite-siltstone
sequence in the Kona dolomite unit southwest
of Marquette may be of future interest.

Although minor amounts of dimension
stone were produced in the past, all current
stone production is crushed for use as aggre-
gate. Basalt is extracted in Houghton County
from the old copper mine waste rock dumps,
which are common in copper country. This rock is
already broken as a result of the former copper
mining activity, so that only crushing and
screening operations are required to prepare
it for use. Basalt reserves in these rock dumps
should be ample for local use throughout the
projection period. Ordovician limestone oc-
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curring as remnant hills is also quarried in
Houghton County. Production for use as ag-
ricultural lime is small and reserves should be
ample to supply this purpose for many years.

Silurian Niagara dolomite is quarried in
Chippewa County for use as agricultural lime,
concrete aggregate, flux stone, riprap, and
sintered or dead-burned dolomite. Although
the annual production at this location is large,
the reserves of dolomite are more than ample
to meet continued production needs.

Sand and gravel produced from Quaternary
sedimentsin all counties of the PSA is devoted
entirely to building, highway construction,
paving, and fill. Reserves of sand and gravel
have not been determined, though it is be-
lieved that sufficient material will be avail-
able throughout the projection period. In some
cases, where sand and gravelis locally in short
supply, crushed stone may be used as a substi-
tute material.

Deposits of till and lake clay are found dis-
tributed throughout the area. Most of the clay
deposits in till are small and of poor quality.
The lake clay deposits, particularly those in
eastern Chippewa County, are reported to be
in excess of 300 feet thick and are suited forthe
manufacture of brick and tile.2 The use of clay
:s dependent upon local demand for brick and
tile, which is not presently sufficient to sup-
port a clay industry. =

Extensive deposits of peat are found here,
but lack of local demand and excessive dis-
tance from major market areas preclude prof-
itable exploitation of this material at present.

Gold has been produced in Marquette
County in the past, with production reported
in excess of one-half million dollars. Sub-
sequent exploration in the gold-producing
area was not thought to be encouraging.

TABLE 5-13 Planning Subarea 1.2: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons unless other-
wise noted)

1968
to

Commodi ty 19681 1980 2000 2020 2020
Copper 75 100 180 330 8,920
Iron ore 9,250 12,000 16,600 22,800 812,000
Sand and gravel 1,965 2,300 3,000 3,900 147,800
Silver4 473 640 1,160 2,090 57,040
Stone, crushed w 2,800 3,630 4,700 178,800
;Actual

3Cumulative

4Thousands of long tons

5Thousands of troy ounces

Includes limestone and basalt
W Withheld to avoid disclosing individual company
confidential data

1.2.2 Mineral Industry Projection
1.2.2.1 Production

Mineral production for PSA 1.2 is sum-
marized in Table 5-13 for 1968 and the projec-
tion years 1980, 2000, and 2020. All mineral
production is expected to increase during this
period. Cumulative production over the pro-
jection period is also included in the table and
provides an estimate of the large quantities of
mineral substances necessary to meet the fu-
ture demands.

1.2.2.2 Water

Water is used only in primary production of
iron ore, copper, and crushed limestone. Stone
is produced seasonally, generally from May
through October, while iron and copper pro-
duction are year-round functions. Water use
patterns for 1968 and the projection years are
presented in Table 5-14 at both the annual and
seasonal rates. No serious water supply prob-
lems for mineral producers are foreseen dur-
ing the next 50 years.

1.2.2.3 Land

The land requirements for mineral produe-
tion in Planning Subarea 1.2 are summarized

TABLE 5-14 Planning Subarea 1.2: Pro-
jected Mineral Industry Water Use (millions of
gallons per day)

1968l 1980 2000 2020
New Intake
May-October 34.5 43,4 69.8 117.2
Average for 365 days 30.2 38.9 64.9 112.1
Discharged
May~-October 22.2 27.2 42.4 70.2
Average for 365 days 18.0 22.8 37.7 65.3
Recirculated
May-October 36.9 49.8 73.3 108.4
Average for 365 days 36.9 49.0 71.3 104.6
Consumed
May-October 12,3  16.2 27.4 47,0
Average for 365 days 12.2 16.1 27.2 46.8
Total Water2
May-October 71.4  93.2 143.1 225.6
Average for 365 days 67.1 87.9 136.2 216.7

lEstimated
Intake plus recirculated
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TABLE 5-15 Planning Subarea 1.2: Projected Mineral-Bearing Land Requirements! (acres)

1968 1968 1968

2 to 3 to 3 to 3

Commodity 1968 1980 1980 2000 2000 2020 2020

Copper 4,500 4,500 4,500 7,000 7,000 10,000 10,000

Iron ore 3,500 13,000 13,000 20,000 20,000 30,000 30,000
Sand and

gravel 36 43 496 58 1,515 72 2,842

Stone,
crushed 10 12 140 16 428 21 802
Total 8,046 17,555 18,136 27,074 28,943 40,093 43,644

lIncludes non-mineral-bearing
Estimated
Cumulative

by commodity in Table 5-15. Acreage re-
quirements for copper and in part for iron ore
production include non-mineral-bearing sur-
face lands for plant sites and rock disposal
areas. Allotherland must be mineral-bearing,

1.2.3 Mineral Problems

Surface and underground mining activity
has caused various problems in the planning
subarea. Land subsidence has been a problem
on both the Gogebic and Marquette iron
ranges, although ground movement has appar-
ently stabilized on the Gogebic. Subsidence
effects in the Ishpeming-Negaunee area have
been resolved through purchase or movement
of affected structures by the iron company.
Seeding of old tailings ponds and contouring of
waste dumps have been initiated by several
mining .companies with favorable results.
Some abandoned mine shafts have been seal-
ed and most have been fenced, although a
continuing program of maintenance and sur-
veillance may be required to maintain safety
standards at these sites. In 1970, Michigan
enacted a law that provides the State with
powers governing surface metal mining activ-
ity, which will help alleviate some of these
problems.

The severe winter weather has caused some
production problems and has closed the Great

surface lands required for iron ore production

Lakes to shipments of mineral materials dur-
ing the winter months. Technical innovations
have for the most part overcome this problem.

A land exchange between Cleveland.-Cliffs
Iron Company and the Michigan Department
of Natural Resources benefited both parties.
The State acquired prime recreational and
conservation lands while the company re-
ceived lands that permit consolidation of its
low-grade iron mining operations. Mutual
cooperation of this sort has resulted in furth-
ering the goals of both conservation and in-
dustry.

1.2.4 Summary and Conclusions, Including
Alternatives

Reserves of all mineral commodities pro-
duced within the area exist in quantities large
enough to support produection activity
through the projection years. Since presence
of mineral resources does not guarantee
availability, it is recommended that planning
efforts incorporate programs that permit
exploration for mineral deposits, insure
preservation of valuable mineral deposits, and
develop plans that include mineral extraction.

Periodic surveys of water use patterns ofthe
mineral industry are recommended to keep
abreast of intake and discharged water use
changes.



Section 2

PLAN AREA 2.0

2.1 Planning Subarea 2.1, Lake Michigan
Northwest

2.1.1 Status and Potential of the Mineral
Industry

2.1.1.1 Resume

Mineral commodities produced in the 20
Wisconsin and 3 Michigan counties that com-
prise Planning Subarea 2.1 include iron ore,
sand and gravel, shale, and stone (limestone,
dolomite, granite, and basalt). Output and
value of these products for 1960 and 1968 are
summarized in Table 5-16. Cement and lime,
manufactured from both loeal and imported
mineral materials, are included in the table
forreference only. From 1960 to 1968, sand and
gravel and stone production recorded moder-
ate increases in both output and value while
the remaining commodities declined in both
areas. The total value of mineral products

TABLE 5-16 Planning Subarea 2.1:

shown in Table 5-16 excludes cement and iron
ore because the value of these mineral com-
modities cannot be disclosed without reveal-
ing individual company confidential data.
However, an estimated value ofiron ore can be
obtained by multiplying the 1968 average
mine value of iron ore for the State of Michi-
gan,? $11.72 per long ton, times the tonnage
produced. This brings the value of mineral
products in 1968 to $55 million with iron ore
making up approximately 70 percent of this
amount.

A total of 155 mineral operations were active
in 1968. Menominee County, Wisconsin, had no
mineral operations while all remaining coun-
ties had sand and gravel pits. Fifteen counties
had stone quarries, two counties had iron ore
mines, and one county had a shale pit. Dis-
tribution of producing sites by State, county,
and type of operation is presented in Table
5-17. Locations of selected operations are
shown in Figure 5-4.

Mineral Production, 1960 and 1968

1960

1968

Quantity Dollar Value

Commodity
Cement:

Portland 376-pound barrels W
Shale short tons 132,508
Iron ore (usable) 1long toms,

gross weight 4,034,824
Lime short tons 100,573
Manganiferous ore short tomns,

(5-35 percent Mn) gross wt. 180,460
Sand and gravel short tons 7,320,368
Stone (crushed

and broken) short tons 2,249,925
Stone (dimension) short tons 29,941

Total Planning Subarea 2.1

Quantity Dollar Value

W W W
137,218 6,130 11,034

W 3,448,688 W
1,524,998 94,186 1,478,459

1Y

5,455,467 8,423,000 6,210,000
3,706,502 3,388,900 6,343,193
802,379 32,349 816,937
11,626,564%  ———eeemem 14,859,6232

W Withheld to avoid disclosing individual company confidential data

aIncomplete total; excludes data for items indicated by symbol W, which must be
withheld to avoid disclosing individual company confidential data.

15
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TABLE 5-17 Planning Subarea 2.1: Active Mineral-Producing Sites by State, County, and Type
of Operation, 1968 -

Stone Quarries
Iron Sand and Limestone
State Shale Ore Gravel and
County Pits Mines Pits Dolomite  Granite  Basalt

Michigan
Dickinson -
Iron -

Menominee -

ol o
o P

'—l

N w $~ Ln
[
|
|

Subtotal 0

(%)

Wisconsin
Brown - -
Calumet - -
Door - -

[

NNWO NMNWN PO WO
|
i
I
|

Florence - -
Fond du Lac 1 -
Forest - -

Green Lake - -
Kewaunee - -
Langlade - -

Manitowoc - -
Marinette - -
Marquette - -
Menominee - -

Oconto - -
Outagamie - -
Shawano - -
Sheboygan - -

Waupaca
Waushara
Winnebago
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bOpen-pit mine.

Since 1968 three of these four underground mines have closed.
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2.1.1.2 Resources and Reserves

Bedrock formations in Planning Subarea 2.1
range in age from igneous and metamorphic
rock of the Precambrian system through the
sediments of the Silurian system. The Pre-
cambrian rock yields iron ore, basalt, granite,
and miscellaneous stone, while the younger
sediments of the Ordovieian and Silurian sys-
tems yield shale, limestone, and dolomite.
Overlying the bedrock are unconsolidated sed-
iments of the Quaternary system. These gla-
cial sediments, which range up to 500 feet in
thickness, contain sand and gravel, clay, and
peat deposits. With the exception of one un-
derground iron mine, all minerals are ex-

TABLE 5-18 Planning Subarea 2.1:

tracted from surface pits and quarries. A
generalized stratigraphic succession of PSA
2.1 is presented in Table 5-18 along with for-
mation thickness and mineral occurrences.
The Menominee iron mining district is the
only area from which iron ore is produced. The
iron formation is segmented across Michi-
gan’s Dickinson and Iron Counties with an ex-
tension into Florence County, Wisconsin (Fig-
ure 5-4). Individual deposits of direct ship-
ping hematite and magnetite occur within the
iron formation, along with large tonnages of
lower-grade siliceous iron ores. Mining of the
direct-shipping ore began in 1877 and reached
its peak in the early 1900s. The number of ac-
tive mines has declined from a high of 45 in

General Stratigraphic Succession and Mineral Resources

Thickness Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary 0-500 Sand, gravel,
1 clay, peat
Paleozoic Silurian Racine Dol.
Manistique Fm. Dolomite
Hendricks Dol. 0-325
Byron Fm.l
Mayville Ls.
Oxdovician Maquoketa Sh. 0-400 Clay, expanded
s L1 X aggregate(p)
Trenton Galena Dol. .
Black River’ Decorah Fum. (| 180-270  Dolemite
Platteville Dol. d imestone 1
St. Peter Ss. 0-300 Silica sand
Prairie du 1 1
Chien2 Oneota Dol. W Dolomite
Cambrian Trempealeau Jordan ss.1l 0-600 Silica sand(p)
St., Lawrence Fm. Dolomite
Munising Fm.2,3
Lone Rock Fm.l 0-125 1
Wonewoc Fm.l,3 0-200 Silica sand(p)
Mt. Simon Fm.l 0-200
Precambrian Middle
Precambrian Paint RiverZ Iron ore
Baraga2
Menominee Iron ore
Chocolay?
Lower 2
Precambrian Dickinson Misc. stone

lIn Wisconsin.
In Michigan.

Munising Formation in Michigan may be equivalent to Wonewoc Formation in Wiscomsin.

(p) Potential Resource.
Source:
Wisconsin Geological Survey.

Harry J. Hardenberg, Michigan Geological Survey and Meredith E. Ostrom,



1913 to 5 in 1968. Since 1968, three of the four
remaining underground mines have ceased
production. Thus one underground mine is
producing direct-shipping ore and one ben-
efication plant is utilizing low-grade ore
from an open-pit mine for the production of
iron ore pellets. Ore is shipped from the range
to the lower Great Lakes Region through the
Port of Escanaba. Total reserves of iron ore
include: 62,000,000 long tons of measured ore
containing 50 percent Fe; 75,000,000 long tons
of inferred ore containing 50 percent Fe; and
4,320,000,000 long tons of potential ore con-
taining 25 to 45 percent Fe.® Future mining
activity hinges principally on the develop-
ment of adequate beneficiation techniques to
treat the lower grade, nonmagnetic ores that
remain,

Stone production includes the quarrying of
basalt, granite, dolomite, pegmatite, and
schist from Precambrian igneous rock and of
shale, limestone, and dolomite from the
younger sedimentary bedrock formations.

Basalt (andesite) is quarried, erushed, and
sized for use as roofing granules in Marinette
County. Reserves of andesite are sufficiently
large to support production for many years.

Granite is quarried for use as monument
stone in Marinette and Marquette Counties
and dolomite (marble), pegmatite, and schist
for use as ornamental exposed aggregate in
Dickinson County. Production of these com-
modities is relatively minor. Sufficient re-
serves are available to maintain production
rates for many years.

Maquoketa shale is quarried in Fond du Lac
County for use in building bricks. In addition
to being a clay substitute, the lower member of
this shale formation constitutes a potential
resource for the production of lightweight
aggregate.” The Maquoketa shale extendsina
narrow band from southern Door County
through Fond du Lac County. It is included in
the limestone and dolomite area shown on the
map, Figure 5-4. Reserves of shale are very
large, but overburden thickness and variabil-
ity of composition within formations will die-
tate where production is economically feasi-
ble.

Limestone and dolomite, the most impor-
tant stone quarried in the area, is produced
principally from the Racine, Manistique,
Hendricks, and Byron Formations of the Silu-
rian system and the Galena, Decorah, Platte-
ville, and Oneota Formations of the Ordovi-
cian system. Production of this stone is wide-
spread in the southeastern half of the PSA,
where bedrock sediments of this type pre-
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dominate (Figure 5-4). Quarried stone is used
in both rough and dressed states for dimen-
sion stone, in the crushed and broken state for

‘aggregate, and in the pulverized state for ag-

ricultural purposes. Reserves of stone are not
limited in quantity but are limited by
economic constraints such as depth, quality of
the strata, and availability of usable deposits.
No shortages of limestone and dolomite are
foreseen during the next 50 years.

Sandstone has, in the past, been quarried at
various localities for use as dimension stone,
and is currently taken from the St. Peter and
Jordan sandstones in Green Lake County for
use as molding sand. These sandstones also
have potential as sources of glass sand. Dis-
tribution of the bedrock sandstone formations
is shown in Figure 5-4. The St. Peter
Sandstone Formation has beenincluded in the
limestone and dolomite area. No estimate of
reserves of high-grade sandstone is available.

The glacial debris overlying the bedrock
formations throughout the planning subarea
contains deposits of clay, and sand gravel, and
peat.

Clay, though presently not mined in the
area, was important in the past as raw mate-
rial for the manufacture of brick and heavy
clay produects. The bulk of this mined clay was
of lacustrine origin and distributed over the
southeastern half of the area. Reserves of clay
remain, although the quality and extent of
these deposits are not known. The high cost of
labor and substitution of other construction
materials for clay products contributed sig-
nificantly to the decline of this industry. In-
creased prices for clay products and mechani-
zation could bring about a revival of this in-
dustry in the future.

Sand and gravel deposits are found in un-
consolidated glacial and postglacial sediments
covering the entire PSA. Production was re-
ported from all but Menominee County, Wis-
consin in 1968. The bulk of the sand and gravel
is used as aggregate in road congstruction, al-
though several pits did produce molding and
blast sand. Although sand and gravel reserves
have not been determined, it is assumed that
they are sufficient to meet the demands of the
next 50 years.

Peat is not mined at present but does consti-
tute a potential resource. The entire PSA falls
within an area where workable peat beds are
common. Much of the early exploratory work
on peat deposits dealt with its fuel potential
rather than its soil conditioning aspects. Fu-
ture exploratory work may be necessary to
delineate the various deposits of moss, reed-
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sedge, and humus peat. There is little doubt
that commercial deposits of peat exist but
exploitation is contingent upon the develop-
ment of nearby markets. Estimates of peat
reserves for the entire State of Wisconsin are
21 billion net tons on approximately one mil-
lion acres of peat land.?> No separate estimates
are available for the planning subarea.

Manganese nodules occur on the floor of
Green Bay and in other parts of northern Lake
Michigan, but these nodules do not constitute
a mineral resource at present. Several other
mineral occurrences have been reported
within the area though none of these are cur-
rently being mined. Chrysotile asbestos and
molybdenite are found in Marinette County.
Epigenetic uranium is found in Dickinson and
Iron Counties. Beryl is found in Dickinson and
Shawano Counties. It is doubtful that produc-
tion will come from any of these occurrences
during the next 50 years.

2.1.2 Mineral Industry Projection

2.1.2.1 Production

Mineral production for Planning Subarea
2.1 is summarized in Table 5-19 for 1968 and
the projection years 1980, 2000, and 2020. All
mineral production is expected to increase
during this period. Cumulative production
over the projection period is also included in
the table, and provides an estimate of the
quantities of mineral substances necessary to
meet future demands. There is a strong possi-
bility that sandstone quarrying and peat min-
ing may begin during the next 50 years.

TABLE 5-19 Planning Subarea 2.1: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons unless other-
wise noted)

1968

1 02
Commodity 1968 1980 2000 2020 2020
Shale 6 10 16 26 785
Iron ore 3,449 2,500 3,800 5,600 184,000
Sand and gravel 8,423 12,700 22,000 38,300 1,080,800
Stone, crushed® 3,389 4,520 7,810 13,570 383,600
Stone, dimension 32 50 85 140 4,122
;Actual
3Cumulative
4Thousands of long tons
5Includes limestone and basalt

Includes limestone and granite

2.1.2.2 Water

Water is used in the primary production of
all the mineral commodities except clay. Sand
and gravel and stone are produced seasonally,
generally from April through November,
while iron ore production is a year-round func-
tion. Water use patterns in 1968 and for the
projection years are presented in Table 5-20 at
both the annual and seasonal rate. No serious
problems of water supply to mineral producers
is foreseen during the next 50 years.

2.1.2.3 Land

As mineral substances are removed from
the ground and deposits depleted, new
mineral-bearing land must be brought into
production. Land required to maintain the
projected production is summarized by com-
modity in Table 5-21. The acreage referred to
in this table must be mineral-bearing. Each
mineral deposit is unique, and other land
users should be discouraged from preempting
mining activities until after the deposit is
mined.

2.1.3 Mineral Problems

The problems associated with mineral pro-
duction in Planning Subarea 2.1 are relatively

TABLE 5-20 Planning Subarea 2.1: Pro-
jected Mineral Industry Water Use (millions of
gallons per day)

19681 1980 2000 2020
New Intake
April-November 2.6 3.2 5.8 10.5
Average for 365 days 2.2 2.5 4.3 7.7
Discharged
April-November 1.2 2.0 4.0 7.9
Average for 365 days 0.8 1.3 2.6 5.3
Recirculated
April-November 13.9 11.9 19.9 33.2
Average for 365 days 13.3 10.8 17.7 28.6
Consumed
April-November 1.4 1.2 1.8 2.6
Average for 365 days 1.4 1.2 1.7 2.4

Total Water2
April-November 16.5 15.1 25.7 43.
Average for 365 days 15.5 13.3 22.0 36.

W~

lEstimated
Intake plus recirculated
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TABLE 5-21 Planning Subarea 2.1: Projected Mineral-Bearing Land Requirements! (acres)
1968 1968 1968
2 to 3 to 3 to 3
Commodity 1968 1980 1980 2000 2000 2020 2020
Clays and
shale 4 AR S b A 4 10
Iron ore 1,200 1,700 1,700 3,400 3,400 5,100 5,100
Sand and
gravel 140 213 2,184 366 7,963 636 17,964
Stone,
crushed 39 52 543 90 1,960 157 4,423
Stone,
dimension 1 2 25 4 89 7 196
Total 1,380 1,967 4,454 3,860 13,416 5,900 27,693
éIncludes non-mineral-bearing surface lands required for iron ore production
Estimated
3 :
4Cumulat1ve

Less than an acre

limited at present. No large urban-suburban
complexes exist, although the Fox River Val-
ley from Green Bay to Lake Winnebago may
develop along these lines in the future. Plan-
ning now for mineral extraction can eliminate
many problems associated with production of
aggregate materials in this potentially
urban-suburban area.

Abandoned iron mines on the Menominee
Range may be of concern in terms of unsealed
mine openings and surface subsidence from
the collapse of shallow underground workings.
Most mining companies own the surface land
above the underground workings to avoid lia-
bility from subsidence. Dangers do exist with
subsiding ground and access to such unstable
areas should be prevented.

2.1.4 Summary and Conclusions, Including
Alternatives

Sufficient reserves of all mineral com-
modities produced within the planning sub-
area exist to support production activity for
the next 50 years. Since presence of mineral
resources does not guarantee availability, it is
recommended that planning efforts within the
planning subarea incorporate programs to in-
sure that valuable mineral resources are pre-
served and that planned development include
mineral extraction.

Periodic surveys of the water use patterns of
the mineral industry are recommended to
keep abreast of intake and discharged water
use changes.

2.2 Planning Subarea 2.2, Lake Michigan
Southwest

2.2.1 Status and Potential of the Mineral
Industry

2.2.1.1 Resume

Mineral production in the seven Wisconsin,
six Illinois, and four Indiana counties that
comprise Planning Subarea 2.2 includes clay,
bituminous coal, peat, sand and gravel, and
stone (limestone and dolomite). Output and
value of these products for 1960 and 1968 are
presented in Table 5-22. Cement and lime,
manufactured from both local and imported
raw materials, are included in the table for
reference only. From 1960 to 1968, output and
value declines were recorded by clay and ce-
ment while coal, crushed stone, lime, and sand
and gravel recorded increases. During this
time, dimension stone and peat production de-
clined but the value of both increased. Value of
mineral production in the PSA was
$110,036,114 in 1968, with crushed stone ac-
counting for 34 percent and sand and gravel
for 25 percent of this value.
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TABLE 5-22 Planning Subarea 2.2;

Mineral Production, 1960 and 1968

1960 1968
Commodity Quantity Dollar Value Quantity Dollar Value

Cement:

Portland 376-pound barrels %) W W W

Masonry 280-pound barrels %) W W W
Clay short tons 697,973 1,068,520 410,023 645,990
Coal, bituminous short tons 368,573 W 593,543 W
Lime short tons W ") 1,257,703 17,537,270
Peat short tons 14,679 168,795 8,664 193,860
Sand and gravel short tons 23,654,007 19,519,664 30,683,000 27,206,000
Stone (crushed

and broken) short tons 20,389,480 27,506,830 26,766,352 37,525,732
Stone (dimension) short tons 76,311 767,395 51,413 921,058
Value of items that cannot be

disclosed =000 @ meemem—ee- 42,986,813 ~———m~v—eem 26,006,204

Total Planning Subarea 2.2 @ - —————-— 92,018,017 —————-—— 110,036,114

W Withheld to avoid disclosing individual company confidential data; included with

"Value of items that cannot be disclosed.”

A total of 219 nonmetallic mineral opera-
tions were active in the area during 1968.
Waukesha County, Wisconsin, had the
greatest number of operations, 58, as well as
the most sand and gravel pits, 35, and most
stone quarries, 22. Distribution of producing
sites by State, county, and type of operation is
presented in Table 5-23. Sand and gravel pits
were producing in all 17 counties while stone
quarries were producing in 8 counties, peat
bogs in 5, and clay pits in 4. The only coal mine
in the entire Great Lakes Region operated in
Will County, Illinois. Locations of selected op-
erations are shown in Figure 5-5.

2.2.1.2 Resources and Reserves

The bedrock geology in Planning Subarea

2.2 includes formations of Precambrian,
Cambrian, Ordovician, Silurian, Devonian,
Mississippian, and Pennsylvanian systems.
Near-surface bedrock exposures contain min-
able deposits of coal and stone as well as other
mineral material such as shale, which may be
extracted in the future. The bedrock is largely
covered by a mantle of unconsolidated sedi-
ments of the Quaternary system. These gla-
cial and postglacial sediments contain de-
posits of clay, peat, and sand and gravel. The
extraction of all mineral materials is by sur-
face mining techniques. A generalized
stratigraphie succession of PSA 2.2 is pre-

sented in Table 5-24 along with formation
thickness and mineral occurrences.

TABLE 5-23 Planning Subarea 2.2: Active
Mineral-Producing Sites by State, County, and
Type of Operation, 1968

Strip Sand and Limestone
State Clay Coal Peat Gravel and Dolomite
County Pits Mines Bogs Pits Quarries
Illinois
Cook 3 - 1 5 8
DuPage - - - 4 1
Kane - - 1 15 3
Lake - - 3 10 -
McHenry - - - 17 1
will - 1 - 10 4
Subtotal 3 1 5 61 17
Indiana
Lake 1 - - 2 -
LaPorte - - 1 3 -
Porter 2 - - 1 -
Starke - - - 2 -
Subtotal -3- 0 1 8 0
Wisconsin
Kenosha - - - 5 -
Milwaukee - - - 3 2
Ozaukee - - - 11 -
Racine 1 - - 6 1
Walworth - - - 20 —
Washington - - - 13 -
Waukesha - - 1 35 22
Subtotal T F T _9-3— ;5_
Total 7 1 7 162 42
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TABLE 5-24 Planning Subarea 2.2: General Stratigraphic Succession and Mineral Resources

Thickness Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary 0-450 Sand, gravel,
1 1 clay, marl, peat
Paleozoic Pennsylvanian Kewanee Carbondale Fm. 0-150 Clay, coal
Spoon Fm.l 2 Clay
Missigsippian Coldwater Sh.
New Albany Sh. ] 0-500
. Sunbury Sh.2
Mississippian- 1 2
Devonian New Albany Ellsworth Sh. 60~340
Devonian Antrim Sh.2 60-200 Expanded aggre-
) 2 "~ gate(p)
Traverse Fm. 40-175 Limestone(p),
9 dolomite(p)
Detroit River Fm. 40-175 Dolomite(p), lime-
stone(p), gypsum
2 (p), anhydrite(p)
Silurian Salina 3 0-385 Dolomite, limestone
Waubakee Dol. 30
Racine Dolél’3 Dolomite
Wabash Fm.
Louisville Ls.2 300-675 Dolomite, limestone
Waldron Fm.Z 13
3 Waukesha Dol.™’ Dolomite
Manistique Joliet Dol. Dolomite
Salmonie Dol. Dolomite
Kankakee Dol. Dolomite
Brassfield Ls. Limestone
Hendricks Dol. 300-673 51 omice
Byron Dol.3 Dolomite
Mayville Ls. Dolomite
1 Edgewood Fm. 2.3 Limesgtone
ordovician Maquoketa Maquoketa Sh.”” 100-225 Dolomite, lime-
stonel; clay, ex-
panded aggregate
1 3 (3 1
Galena Galena Dol. Dolomicegp) H
dolomite
Trenton Ls.Z 200-330 3
Decorah Fm. Dolomite
PlatteI 3
ville Platteville Dol2 200~330 Dolomite
Black River Ls. 1
St. Peter Ss.ls3 20-600 Silica sand(p)
Cambrian Prairie du 2
Chienl,3 Knox Dol. 1.3
Shakopee Dol.™’
New Richmond Ss. 1
Oneota_Dol.l,3 0-250 Stone(p)
3 Gunter 1
Cambrian Trempealeau™ Eminence Dol. 50-150
Jordan Ss.31 1
Potosi Dol. 90-220 Stone(p)
St. Lawrence
Franconia Fm. 0-200
Lone Rock Fm.
Wonewoc Fm,3
Ironton Ss. 1,2
Calesville Ss.l’2 3 0-100
Eau Claire Fm. '™’ 0-575
Mt. Simon Ss.1l.2,3 0-2,800
Precambrian

3In Illinols.

3

In Indiana.

In Wisconsin.

(p) Potential Resource.
Hubert E. Risser, Illinois Geological Survey; Lawrence F. Rooney, Indiana
Geological Survey; and Meredith E. Ostrom, Wisconsin Geological Survey.

Source:



2}, Appendix 5

Bituminous coal is produced in southwest-
ern Will County from the Colchester (No. 2)
coal member, Carbondale Formation,
Pennsylvanian system. Cumulative produc-
tion of coal in this county from 1882 to 1968
totaled 41,800,00 tons. Strippable coal re-
serves in beds 18 inches or more in thickness
total 21,600,000 tons and include 6,400,000 tons
with 0 to 50 feet of overburden cover,
13,900,000 tons with 50 to 100 feet overburden
cover, and 1,300,000 tons with 100 to 150 feet of
overburden cover.2® These reserves are not
sufficient to support production through the
projection period and coal mining will proba-
bly cease in the planning subarea before the
year 2000.

Limestone and dolomite formations of the
Silurian system are the principal source
material for the planning subarea dimension
and crushed stone industries. Dimension
stone production is limited to Waukesha
County, Wisconsin, and Kane and McHenry
Counties in Illinois. The Lannon-Sussex area
of Waukesha County accounts for more than
88 percent of production and more than 92 per-
cent of the value. The bulk of dimension stone
is used for architectural and construction
purposes as rubble, house stone veneer, and
flagging. Production of dimension stone in the
planning subarea has been relatively con-
stant for the past 20 years. This trend is ex-
pected to continue due to the high selling
price, select market usage, and substitutabil-
ity of other construction materials for dimen-
sion stone. Reserves of limestone and dolomite
of suitable quality for dimension stone usage
should be sufficient to support production
through the projection period.

Crushed stone is currently produced in Mil-
waukee, Racine, and Waukesha Counties in
Wisconsin, Cook, Du Page, Kane, McHenry,
and Will Counties in Illinois, and in Lake
County, Indiana. Near-surface exposures of
high quality limestone and dolomite, favora-
ble quarry locations near the major use areas,
and the interchangeability of crushed stone
-for sand and gravel have given crushed stone
a position of major importance in the aggre-
gate market. Although reserves of limestone
and dolomite are large, those locations where
the bedrock is covered by relatively thin
layers of overburden are becoming scarce.
Preservation of the shallow bedrock occur-
rences for quarrying activity is necessary if
this industry is to continue in close proximity
to the market areas. It is assumed that quarry
sites will be available and that production of
erushed stone will continue at an increasing

rate throughout the projection period. A po-
tential source of limestone and dolomite is
found in conjunction with gypsum and anhy-
drite deposits which occur beneath La Porte
County, Indiana.?? The potential underground
mining of gypsum, anhydrite, and crushed
stone is covered in detail in the Planning Sub-
area 2.3 report.

Although shale is not presently produced,
potential shale resources suitable for the
manufacture of lightweight aggregate have
been defined. New Albany shale, which under-
lies the La Crosse area of La Porte County,
Indiana, has reserves estimated at one billion
tons of shale with less than 30 feet of overbur-
den cover.?* The Francis Creek shale found
associated with the coal deposits in south-
western Will County, 1llinois, is 40 to 60 feet
thick and must be stripped prior to coal ex-
traction. Usable shale reserves in this forma-
tion are large.?* Limited testing of the
Maquoketa shale in Wisconsin indicates po-
tential for lightweight aggregate production
but thick overburden in the planning subarea
probably excludes its development.”

The clays found in Planning Subarea 2.2 are
of glacial origin and occur as lake and alluvial
sediments, till, or argillaceous loess. Lack of
extensive clay deposits, continued depletion of
existing deposits, and construction of expand-
ing communities over potentially mineable
deposits have contributed to the steady de-
cline of the clay industry since its peak pro-
duction yearsinthe early 1900s. This decline is
expected to continue, with cessation of clay
production by the year 2000. Demand for clay
products after this date will be met by clay
producers in surrounding regions. At present,
more than 97 percent of the clay is used for
brick manufacturing, with the remaining clay
used for foundry, stoneware, and heavy clay
products.

Peat is produced at several locations within
the PSA for use as a general soil conditioner.
Available deposits of peat are for the most
part small and can support current production
rates for only a limited period of time. Much of
the peat-bearing land has been lost to produc-
tion as a result of surrounding land develop-
ment or through inclusion of the land in State
forests, various parks and recreation areas,
and wildlife preserves. No estimate of peat re-
serves is available, but it is anticipated that
peat production in the area will cease between
1980 and 2000.

The sand and gravel deposits found in Plan-
ning Subarea 2.2 were formed during and
after the last glacial stage of the Quaternary



Plan Area 2.0 25

VICINITY MAP

SCALE 1N MILES

i — MiCHIGA

~ ‘ :
\ \/ ........

1
WASHINGTON 'PZTUKEE

...........

.......

+
+
EXPLANATION
L— + Sand and gravel
+ + + O Clay
Dﬂ'— 4 AN Peat
+ A +) 0 Stone
a :‘#q' 20 stone quarries
-|\ *F&wnuxss > Coal
WALWORTH WAUKESHA —— —— Great Lakes Basin Drainage
+ + \ o Boundary
+
+ + A
+
+H + W@E
+ s
L. _wmsconst -*_.4_ SHe
+ |Lu~ons'17 + 4
+ : AN t+ -
A b d
+3 =
+ A m
o+ +
+
MCHENRY _j_‘ LAKE z
KANE —(‘-\
+ + T
g_—{_ COOK o
>
z

PORTER

T~

SCALE IN MILES

] 5 10 15 20

FIGURE 55 Planning Subarea 2.2: Distribution of Mineral Operations Active in 1968



26 Appendix 5

system and oceur in outwash plains, eskers,
kames, stream terraces, and as dune sands.
Large quantities of sand and gravel have been
extracted from these deposits over the years
to support construction and road building ac-
tivities within the area. Current production is
used primarily for paving, building, and fill,
with minor production of specialty glass, mold-
ing, furnace, and engine sands. Local sand and
gravel resources in those counties adjacent to
Lake Michigan have been depleted through
mineral extraction, ereetion of buildings on
potential deposits, and placement of legal re-
strictions against mineral extraction. As a re-
sult, sand and gravel production has moved
progressively outward from more densely
populated centers. It is presently concen-
trated in the western portions of the area.
Transportation distances from pit to major
market areas are increasing, and the deliv-
ered price of such sand and gravel reflect
these additional distances. Demand for sand
and gravel is expected to increase to approxi-
mately five times the eurrent level during the
projection years. It is doubtful whether suffi-
cient reserves are available within the PSA to
support this production. However, noestimate
of sand and gravel resources is available.

2.2.2 Mineral Industry Projection

2.2.2.1 Production

Mineral production for Planning Subarea
- 2.2 i1s summarized in Table 5-25 for 1968 and
the projection years 1980, 2000, and 2020. Sand
and gravel, crushed stone, and dimension
stone production are expected toincrease dur-
ing this period while clay, coal, and peat pro-
duction will cease before the year 2000. Sand
and gravel production is projected to 2020 to
indicate the quantity of this material required
in the area, although it is doubtful that suffi-
cient reserves are available to support this
production.

2.2.2.2 Water

Water is used in the primary production of
all mineral commodities except clay and peat.
Sand and gravel production is seasonal, gen-
erally from April through November, while
stone and coal are generally produced on a
year-round basis. Water use patterns in 1968
and the projection years are presented in
Table 5-26 at both the annual and seasonal

TABLE 5-25 Planning Subarea 2.2: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons)

1968
to

Commodity 1968° 1080 2000 2020  2020%
Clay 410 250 o 0 6,400
Coal 594 260 0 0 6,400
Peat 9 3 0 0 78
Sand and gravel 30,683 43,300 79,700 146,700 3,933,800
Stone, crushedd , 26,766 32,486 562,205 119.000 3.085.960
Stone, dimension 51 53 56 39 2,864

;Accual

Cumulative

Includes limestone and marl
Limestone

rates. Sand and gravel production accounts
for more than two-thirds of the water used in
each category, with crushed stone and coal
next in order of importance.

2.2.2.3 Land

Mineral-bearing lands under production are
rapidly being depleted. To support projected
mineral production, new mineral-bearing
lands must be located and must be available for
mineral extraction. Table 5-27 summarizes
these mineral-bearing land requirements by
commodity for the projection years and also
includes cumulative land requirements for

TABLE 5-26 Planning Subarea 2.2: Pro-
Jected Mineral Industry Water Use (millions of
gallons per day)

19681 1980 2000 2020

New Intake
April-November 21.9 48.5 88.6 161.9
Average for 365 days 16.0 34.0 61.9 112.6
Discharged
April-November 21.1 47.3 85.9 158.2

* Average for 365 days 15.4 33,1 59.9 109.9

Recirculated

April-November 16.1 33.2 66.0 130.6

Average for 365 days 11.1  22.8 45.4 89,9
Consumed

April-November 0.8 1.2 2,7 3.7

Average for 365 days 0.6 0.9 2.0 2.7

Total Water2
April-November 38.0
Average for 365 days 27.1

8l.7 154.6 292.5
56.8 107.3 202.5

1Est1mated
Intake plus recirculated
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TABLE 5-27 Planning Subarea 2.2: Projected Mineral-Bearing Land Requirements (acres)
1968 1968 1968
1 to 2 to 2 to 2
Commodity 1968 1980 1980 2000 2000 2020 2020
Clays and
shale 5 3 52 0 85 0 85
Coal 121 53 1,130 0 1,300 0 1,300
Peat 67 22 83 0 93 0 93
Sand and
gravel 364 514 5,251 947 19,831 1,742 46,720
Stone,
crushed 37 43 482 76 1,680 139 3,838
Stone,
dimension 2 4 5 120 9 258
Total 596 639 7,032 1,028 23,109 1,890 52,294
1
Estimated
Cumulative

the plan periods. Serious problems are antici-
pated in finding sufficient mineral-bearing
land to meet the requirements for minerals.

2.2.3 Mineral Problems

The major problem affecting the mineral in-
dustry in Planning Subarea 2.2 is that of min-
eral supply. Large reserves of minerals are
present in the area, but these reserves are
being lost at a rapid rate—not to production
but to other land uses. Legal restrictions that
locally prevent mineral extraction also effec-
tively remove mineral deposits from available
resource inventory. This is particularly seri-
ous in terms of sand and gravel and crushed
stone production, because vast quantities of
construction aggregate are required each
year. The geologic distribution of formations
favorable to the occurrence of sand and gravel
has been mapped in the Illinois portion of the
PSA but individual deposits have not been lo-
cated or evaluated, and few attempts to pre-
serve deposits for mineral extraction have
been successful. A serious, concerted effort
will be necessary on the part of geologists, en-

gineers, planners, and mineral industry to
prevent continued loss of mineral-bearing
lands and to plan adequately for future min-
eral extraction. An alternative to the loss of
mineral-bearing lands is importation of min-
eral materials from outside the PSA. Importa-
tion will mean increased delivered cost to
cover transportation charges. The increase
will be especially significant in those mineral
commodities for which transportation makes
up the major portion of delivered costs.

2.2.4 Summary and Conclusions, Including
Alternatives

Clay, coal, and peat production are not ex-
pected to continue through the projection
years. If no effort is made to preserve aggre-
gate resources, sand and gravel and stone
production will probably decline. Planning ef-
forts should incorporate programs to insure
that valuable mineral resources are preserved
and that planned development includes min-
eral extraction.

Periodic surveys of water use patterns are
recommended to keep abreast of intake and
discharged water use changes.
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2.3 Planning Subarea 2.3, Lake Michigan
Southeast

2.3.1 Status and Potential of the Mineral
Industry

2.3.1.1 Resume

The mineral industry in the 19 Michigan and
6 Indiana counties that make up Planning
Subarea 2.3 produces clay and shale, gypsum,
peat, petroleum and natural gas, sand and
gravel, and stone (limestone, sandstone, and
marl). Output and value of production for 1960
and 1968 are summarized in Table 5-28. Lime,
a manufactured product, is included in the
table for reference only. From 1960 to 1968,
output and value of peat, sand and gravel, and
gypsum increased while clay and shale, pe-
troleum, and stone declined and lime produc-
tion was discontinued. The value of mineral
output in 1968 was $42,219,352, with pe-
troleum accounting for 54 percent and sand
and gravel 44 percent of this value.

A total of 309 nonmetallic mineral opera-
tions and 1,457 oil and gas wells were produc-
ing in 1968. All of the counties had sand and
gravel operations. Oil and natural gas wells
were active in 12 counties, marl pits in 17
counties, peat bogs in 8 counties, shale pitsin 3
counties, limestone quarriesin 2 counties, and
gypsum mines and sandstone quarries in one

county each. Distribution of producing sites
by State, county, and type of operation is pre-
sented in Table 5-29. Locations of selected op-
erations are shown in Figure 5-6.

2.3.1.2 Resources and Reserves

Sedimentary rocks in Planning Subarea 2.3
range upward from the Cambrian system of
Paleozoic age to the Jurassic system of
Mesozoic age. These rock formations yield oil
and gas from deep wells, gypsum from under-
ground mines, and limestone, sandstone, and
shale from surface quarries and pits. Overly-
ing these bedrock formations are unconsoli-
dated sediments of the Quaternary system.
These glacial sediments, which locally attaina
thickness up to 500 feet, contain sand and
gravel, peat, and marl deposits, which are dug
or dredged by surface mining methods. A
generalized stratigraphic succession of the
area is presented in Table 5-30, with forma-
tion thickness and mineral occurrences.

More than 90 percent of the area’s pe-
troleum and natural gas production in 1968

. came from the oil fields of the Albion-

Pulaski-Scipio trend. These fields form a nar-
row band running northwest-southeast from
the eastern part of Calhoun County, across the
southwestern corner of Jackson County to the
northern part of Hillsdale County (Figure
5-6). Since oil was discovered in 1957, this has
been the most important petroleum-

TABLE 5-28 Planning Subarea 2.3: Mineral Production, 1960 and 19682
1960 1968
Commodity Quantity Dollar Value Quantity Deollar Value
Clay and shale short tons 111,806 167,709 95,020 142,530
Gypsum short tons W W W w
Lime short tons 6,017 79,287
Peat short tons 8,404 68,703 26,304 226,173
Petroleum 42-gallon barrels 8,932,738 25,994,182 7,759,723 22,898,509
Sand and gravel short tons 17,133,624 13,759,118 19,692,000 18,442,000
Stone (crushed and
broken) short tons 500,863 586,838 333,381 494,631
Stone (dimension) short tons 12,670 95,545 2,009 15,509
Total Planning Subarea 2.3 = = —=ce—ee——n 40,751,382b ---------- 42,219,352b

W Withheld to avoid disclosing individual company confidential data

:Excludes data for natural gas and natural-gas liquids, which are not available

Incomplete total.

Excludes data for gypsum, which must be withheld to avoid

disclosing individual company confidential data; and data for natural gas and
natural-gas liquids, which are not available.
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TABLE 5-29 Planning Subarea 2.3: Active Mineral-Producing Sites by State, County, and Type
of Operation, 1968

Clay Sand Stone Quarries
and and and Pits
State Shale Gypsum Peat Gravel Lime- Sand- Gas 0il
County Pits Mines Bogs Pits stone Marl stone Wells Wells
Indiana
Elkhart - - - 17 - 3 - - -
Lagrange - - - 9 - 3 - - -
Marshall - - 1 4 - 4 - - -
Noble - - - 8 - 1 - - -
St. Joseph - - - 8 - 1 - - -
Steuben - - - 6 - 3 - - -
Subtotal 0 0 1 52 0 5 0 0 0
Michigan a a
Allegan - - 1 12 - 2 - 14 192
Barry - - - 14 - 2 - - 39
Berrien - - - 13 - 2 - _— _—
Branch - - - 7 - 2 - - —
Calhoun - - - 11 - 2 - 9 2592
Cass - - - 8 - 4 - —_— 7
Clinton 1 - - 12 - - - —_ _—
Eaton 1 - 1 10 1 - - — ——
Hillsdale - - - 5 - 2 - - 228
Ingham - - 1 17 - - - —_ -
Ionia - - - 4 - - - —_— 3
Jackson - - 4 1 2 1 - 792
Kalamazoo - b 1 9 - 3 - —_ —_—
Kent - 2 4 22 - - - 3@ 2162
Montcalm - - - 9 - - - 5 60
Ottawa - - - 13 - 2 - a 288%
St. Joseph - - 2 7 - 1 - — _—
Shiawassee 1 - 2 12 - - - — 62
Van Buren - - - 8 - - - - 40
Subtotal 3 2 12 197 2 24 1 40%  1,417°
Total 3 7 3 249 2 39 1 40 1,417°

3Estimated because o0il and gas fields cross county boundaries
Underground mines
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TABLE 5-30 Planning Subarea 2.3;: General Stratigraphic Succession and Mineral Resources

Thickness Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary 0-500 Sand, gravel,
1 peat, marl, clay
Mesozoic Jurassic 0-150
Paleozoic Pennsylvanian Grand RiverlFm. 50475 Sandstone
Saginaw Fm. Coal, shale,
1 1 sandstone
Mississippian Grand Rapids™ Bayport Ls. 40-125 Limestone
Michigan Fm.l 50-400 Gypsum, gas
Marshall Ss. 50-300 Sandsione, brine
Coldwater Sh. Shale
Sunbury Sh. ] 0-1100
Mississippian- .
Devonian Ellsworth Sh. 0-625
Devonian 1 Antrim Sh. 60-600
Traverse Traverse Fm. 40-525 Limestone(p), dolo-
mite(p)z; gas, oil,
1 brinel 1
Rogers City Ls. ] 0il, gas, brine
0-300
Dundee Ls.
Detroit 2 1
Riverl Detroit River Fm. 0-1000 0il, gas, brine’;
dolomite(p), lime-
stone(p), gygsum(p)
1 anhydrite(p)
. 1 Bois Blanc Fm. 0-200
Silurian Bass Islands 0-3100
Salinal Salina Fm.Z 0-3100 0il, gas, potash
1 ) (p), saltl
Niagara Wabash Fm. 2
Louisville Ls.
Waldron Fm.2 300-675 1
1 Salmonie Dol. 0i1, gas
Cataract 50-150
Ordovician Richmond 250-825
Trenton 350-875 0il1, gas
Black River 1 350-875 0il, gas
St. Peter Ss. 0-60
Prairie du
Chienl 1500-3500
Cambrian Trempealeau Fm. _
Munising Fm.l ] 1500-3500
Precambrian
1
2In Michigan
In Indiana
(p) Potential Resource
Source: Harry J. Hardenberg, Michigan Geological Survey and Lawrence F. Rooney,

Indiana Geological Survey
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producing area in the State of Michigan and in
the Great Lakes Basin. Production comes
from dolomitesin the Trenton and Black River
Groups of Ordovician age at depths ranging
from 3,576 to 4,179 feet. Most of the gas is pro-
duced in association with oil. Oil and gas pro-
duction in other parts of the area are mainly
from Devonian and Mississippian rocks lying
at shallower depths. At the current rate of
decline in reserves, oil and gas production in
Planning Subarea 2.3 will cease by 1985. How-
ever, improvements in exploration and pro-
duction technology and new field discoveries
could extend the production life of the area
well beyond that date.

Gypsum occurs in the Michigan Formation
of Mississippian age and in the Detroit River
rocks of Devonian age. The Michigan Forma-
tion is mined in two underground operations
in the Grand Rapids area in Kent County. This
formation, near the surface in Kent County,
underlies most of the northern and northeast-
ern part of the area at depths to approxi-
mately 750 feet. Gypsum reserves in the
Michigan Formation are believed to be large.
The gypsum occurrence in the Detroit River
rocks, recognized as a formation in Indiana
but as a group in Michigan, is viewed as a
potential resource in the Indiana part. The
area of greatest potential includes parts of
Marshall and St. Joseph Counties as well as
adjoining La Porte County in Planning Sub-
area 2.2. Within these areas up to 30 feet of
gypsum and anhydrite lie within 330 to 500
feet of the surface.z’ Anhydrite is a potential
source of sulphur but with current technology
it is not competitive with other sources of sul-
phur.

Buried limestone and dolomite formations
of the Devonian system are considered a po-
tential resource in northern Indiana, where
there is high local demand for stone and alack
of surface quarries. This stone, which would be
suited for construction, metallurgical, and ag-
ricultural purposes, overlies the gypsum and
anhydrite bed discussed above. According to
the Indiana Geological Survey, the stone could
be produced separately at depths as shallow as
300 feet or produced jointly with gypsum or
anhydrite.?? An underground mining complex
of either type would require only minor land
and water resources and should have no objec-

tionable effect on the local ruralenvironment.

Stone quarrying currently is confined to
limestone and sandstone formations in Eaton
and Jackson Counties, Michigan. The lime-
stone is quarried from the Bayport limestone of
Mississippian age for use as crushed stone,

agricultural limestone and dimension stone
(rubble). Sandstone is produced from the Mar-
shall sandstone, also of Mississippian age, for
dimension stone use, These formations ex-
trude at various locations in the northern part
of the area. For the uses mentioned, the re-
serves of both types of stone are large, al-
though the suitability of the limestone for ag-
ricultural purposes varies with the locality.

The Michigan Coal Basin underlies most of
the northeastern part as far south as the cen-
tral part of Jackson County and as far west as
Kent County. The coal occurs as thin discon-
tinuous beds in the Saginaw Formation of
Pennsylvanian age. It is of poor quality and
considered uneconomic to mine.

Clay and shale resources are abundant,
widely distributed, and readily accessible.
Most of the clay is of glacial origin while the
shales are mainly in strata of the Mississip-
pian and Pennsylvanian systems of Paleozoic
age.Intheearly part of the century numerous
local firms utilized these resources exten-
sively to produce brick, tile, and pottery.?*
Only three sites were producing clay and shale
for the manufacture of clay products in 1968
(Table 5-29). Since then a new operation in
Ottawa County has begun to produce clay for
the manufacture of lightweight aggregate.

Marl, a mixture of clay and calcium carbon-
ate found in lakes of glacial origin, is widely
distributed throughout the area. Deposits
range in area from a fraction of an acre to a
hundred acres or more and in thickness to a
maximum of approximately 15 feet. In the ab-
sence of suitable limestone resources for ag-
ricultural use, marl serves as a satisfactory
substitute for treating soils deficient in lime.
The lack of limestone quarries and the ease
with which marl can be dug or dredged and
prepared for use accounts for the large
number of small marl producers within the
planning subarea.

A variety of sand- and gravel-bearing fea-
tures are found in unconsolidated glacial and
postglacial sediments covering the entire
area, The most striking are long narrow ridges
called eskers and the sand dunes along Lake
Michigan. Although sand and gravel reserves
are thought to be very large, deposits are
being exhausted or lost to other land users,
particularly near urban centers where the
demand for aggregate and competition for
land are greatest. In the case of the sand dune
area, reserves of industrial sand are sufficient
to support many years of production without
encroaching on areas being set aside for parks
and other shore developments.



The size of the peat resource is not known.
Although deposits are small in comparison to
those in the northern part of Michigan, they
are believed to be many times larger than pro-
jected demand to the year 2020.

Other resources having considerable
economic potential include natural brine and
salt. Natural brine, the source of saline pro-
duction in Planning Subareas 2.4 and 3.2, oc-
curs in various Palezoic formations that un-
derlie nearly the entire area. Brine, produced
along with oil in Planning Subarea 2.3,
amounted to more than 28,000 barrels per day
in 1968. Although some oil field brine is used
by local highway departments for dust abate-
ment and ice control, most of it is returned to
subsurface formations. Thick salt beds within
the Salina Group of the Silurian system under-
lie the northern part of the area (Figure 5-6).
In addition to salt, occurrences of potash have
also been noted in the Salina strata. Potash
occurrences may represent a potential re-
source but considerable exploration work will
be required to determine their economic sig-
nificance.

2.3.2 Mineral Industry Projection
23.2.1 Production

Projected mineral production for Planning
Subarea 2.3 is summarized in Table 5-31. With
the exception of petroleum, natural gas, and
dimension stone, all mineral production is ex-
pected to increase during the projection
period. In the case of crushed stone, it would
be necessary to revise the projection upward
significantly if an underground limestone
mine is opened in northern Indiana.

2.3.2.2 Water

Sand and gravel production accounts for
nearly all of the fresh water used by the min-

TABLE 5-31 Planning Subarea 2.3: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons)

1968

1 £ o
Commodity 1968 1980 2000 2020 2020
Clay and shale 95 180 310 550 15,222
Peat 26 16 21 27 1,030
Sand and gravel 19,692 26,000 44,000 73,000 2,141,800
Stone, crushed 333 400 580 920 29,210
Stone, dimension 2 2 2 2 104
;Actual
Cunulative
2Includes limestone and marl

Includes limestone and sandstcone
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eral industries in Planning Subarea 2.3. Sand
and gravel are produced seasonally, generally
from April through November. Water use pat-
terns in 1968 and for the projected years are
presented in Table 5-32 at both the seasonal
and average annual rate.

2.3.2.3 Land

Land required to maintain the projected
mineral production is summarized by com-
modity in Table 5-33. The acreage referred to
in this table must be mineral-bearing. Each
mineral deposit is unique, exhaustible, and
nonrenewable. Where competing land uses
jeopardize production from mineral-bearing
land, planners should consider the benefits of
sequential land use and permit mining ac-
tivities to deplete the mineral deposit before
the initiation of other land use projects.

2.3.3 Mineral Problems

Although competing land uses have re-
moved large acreages of sand- and gravel-
bearing land from the resource inventory, this
has not yet seriously jeopardized future sup-
ply of these resources within the PSA. How-
ever, without proper mineral conservation
measures the situation would become critical
by the end of this century. Several cities,

TABLE 5-32 Planning Subarea 2.3: Pro-
jected Mineral Industry Water Use (millions of
gallons per day)

1968*

1980 2000 _ 2020
New Intake
April-November 16.3 26.9 55.2 107.7
Average for 365 days 10.9 18.0 36.9 72.0
Discharged
April-November 15,9 26.2 53.4 104.4
Average for 365 days 10.6  17.5 35.7 69.8
Recirculated
April-November 12,4 21.1 44.6 89.8
Average for 365 days 8,3 14,1 29.8 60.0
Consumed
April-November 0.4 0.7 1.8 3.3
Average for 365 days 0.3 0.5 1.2 2.2

Total Water2
April-November 28.
Average for 365 days 19.

~

48.0 99.8 197.5
32.1 66.7 132.0

N

lEstimated
Intake plus recirculated
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TABLE 5-33 Planning Subarea 2.3: Projected Mineral-Bearing Land Requirements (acres)

1968 1968 1968
1 to to 2 to 2
Commodity 1968 1980 1980 2000 2000 2020 2020
Clays and
shale 1 2 4 75 6 173
Peat 194 119 224 157 249 201 373
Sand and
gravel 259 342 3,576 579 12,788 961 28,180
Stone,
crushed 12 14 166 19 496 28 978
Stone,
dimension -3 ——-3 1 -3 3 - 3 8
Total 466 477 3,987 759 13,611 1,196 29,712
1Estimated
Cunulative

Less than an acre

Lansing in particular, are already beginning
to experience higher costs for aggregate
trucked over ever-increasing distances be-
cause nearby deposits have been exhausted or
lost to urban expansion. Competing land uses
have not seriously affected production of dune
sand but a long-standing conflict exists be-
tween industrial use of dune sand, conserva-
tion of the dunes, and urban expansion along
the Lake Michigan shoreline.

2.3.4 Summary and Conclusions, Including
Alternatives

With the exception of petroleum and natural
gas, reserves of all mineral commodities exist
in quantities large enough to support mineral
activity many timesin excess of that projected
to 2020. However, aggregate mineral supply
problems can be expected in and around many
expanding urban centers. To offset the dis-
economies incurred by the public when local
resources are lost to other land uses, it is re-
commended that planning measures be incor-
porated to locate and protect valuable poten-
tial mineral resources in and around large
communities in the area. Periodic surveys of
the water use patterns of the sand and gravel
industry are also recommended to Kkeep
abreast of intake and discharged water use
changes.

2.4 Planning Subarea 2.4, Lake Michigan
Northeast

2.4.1 Status and Potential of the Mineral
Industry

24.1.1 Resume

Peat, petroleum and natural gas, salt, sand
and gravel, shale, and stone (dolomite and
limestone) are produced in the 21 Michigan
counties that comprise Planning Subarea 2 4.
In addition, lime and cement are manufac-
tured from local shale and limestone, while
bromine, calcium compounds, and magnesium
compounds (salines) are extracted or man-
ufactured from natural brines. Output and
value of mineral products for 1960 and 1968
are summarized in Table 5-34. From 1960 to
1968, all mineral commodities except bromine
and petroleum increased in both output and
value. Dimension stone production was dis-
continued in 1962, while peat production
commenced in 1964. The value of mineral pro-
duction in 1968 was $83,280,530. Of this value,
magnesium compounds accounted for 24 per-
cent; crushed stone, 15 percent; petroleum, 7
percent; sand and gravel, 6 percent; and
bromine, 3 percent.
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TABLE 5-34 Planning Subarea 2.4: Mineral Production, 1960 and 19682

1960 1968
Commodity Quantity Dollar Value Quantity Dollar Value

Bromine pounds 9,758,184 2,531,737 9,146,530 2,145,885
Calcium compounds short tons W W W W
Cement

Portland 376-pound barrels W W W W

Masonry 280~pound barrels 1) W w W
Shale short tons W w w w
Lime short tomns W W W W
Magnesium compounds

(MgO equivalent) short tons 64,808 6,464,113 219,455 19,975,716
Peat short tons W W
Petroleum 42-gallon barrels 2,234,375 6,502,011 1,876,012 5,536,007
Salt short tons W W 1] W
Sand and gravel short tons 5,002,377 4,252,751 5,442,000 4,956,000
Stone (crushed and

broken) short tons 7,704,981 9,609,823 9,322,173 12,158,268
Stone (dimension) short tons 50 75
Value of items that cannot be

digsclosed 000 ceeeee——— 22,196,093 W ~~———e—mn 38,508,654

Total Planning Subarea 2.4 = = ————ee—— 51,556,603  —————— 83,280,530

W Withheld to avoid disclosing individual company confidential data; included with

"Value of items that cannot be disclosed."

8Excludes data for natural gas and natural-gas liquids, which are not available

A total of 126 nonmetallic mineral opera-
tions and 690 oil and gas wells were producing
in 1968. All ecounties had sand and gravel oper-
ations. In three counties sand and gravel was
the only mineral commodity mined. Oil and
natural gas wells were active in 12 counties;
limestone and dolomite quarries in 5; saline
operations, salt mines, and shale pits in 2
counties each; and a peat bog in one county. A
breakdown of producing sites by State, coun-
ty, and type of operation is presented in Table
5-35. Selected operations are shown in Figure
5-17.

2.4.1.2 Resources and Reserves

Except for a relatively thin and discontinu-
ouslayer of Mesozoic rock, all the sedimentary
formations in Planning Subarea 2.4 are of
Paleozoic age. The formations range upward
from Munising Formation of the Cambrian
system to the Grand River Formation of the
Pennsylvanian system. Oil, gas, salt, and
brine are extracted from the formations
through wells. Surface quarries and pits yield
limestone, dolomite, and shale. Overlying the

bedrock formations are varying thicknesses of
unconsolidated Quaternary sediments of gla-
cial origin. These sediments contain sand and
gravel and peat deposits that are mined in
surface pits. A generalized stratigraphic suc-
cession of Planning Subarea 2.41s presentedin
Table 5-36 along with formation thickness and
mineral occurrences.

Salt is produced from artificial brines ob-
tained from solid rock-salt layers in the De-
troit River Group of the Devonian system and
the Salina Group of the Silurian system. The
salines are derived from natural brine, which
is produced from porous rocks in the Detroit
River Group. The thick sequence of rocks con-
taining the salt beds and the various brine-
producing formations underlie all of the plan-
ning subarea south of Emmet County (Figure
5-7). Reserves of both are enormous in terms
of tonnage, but the concentration of valuable
salines in the brine varies with the formation.

Petroleum and natural gas are produced
from rocks of the Mississippian, Devonian, and
Silurian systems. The sequence of Devonian
rocks from the top of the Traverse Group tothe
bottom of the Detroit River Group has ac-
counted for more than 99 percent of cumula-
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TABLE 5-35 Planning Subarea 2.4: Active Mineral-Producing Sites by State, County, and Type
of Operation, 1968

Sand Limestone
and and
State Shale a Salt Gravel Dolomite Gas 0il
County "~ Pits Salines Mines Pits Quarries Wells Wells
Michigan
Antrim 1 - - 4 - - - _—
Benzie - - - 1 - - _—
Charlevoix - - -~ 5 1 - _—
Delta - - - 8 1 - —_—
Emmet 1 - - 10 1 - _—
Grand
Traverse - - - 2 - 3 ——
Kalkaska - - -~ 3 - - lb
Lake - - ~ 6 - - 92
Leelanau - - -~ 6 - - _—
Mackinac - ~c ~ 6 4 - —
Manistee - 3c 2 5 - 1 -
Mason - 2 ~ 6 - 3 85
Mecostad - - ~ 7 - 18 36b
Missaukee - - ~ 1 - 11 50
Muskegon - - 1 6 - 10 33
Newaygo - - - 10 - 8 24
Oceana - - - 5 - 1 68b
Osceola - - - 3 - 11 113
Roscommon - - -~ 9 - 2 120
Schoolcraft - - - 2 1 - —
Wexford - - - 2 - - —_—
Total 2 5 3 107 ry 68 622°

3Includes bromine, calcium compounds, and magnesium compounds.
Estimated as oil fields cross county boundaries.
c
Brine well operations.

ecosta County had the only peat operation in Planning Subarea 2.4
during 1968, »
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TABLE 5-36 Planning Subarea 2.4: General Stratigraphic Succession and Mineral Resources

Thickness Mineral
Era System Group Formation (feet) Resources
Cenozoic  Quaternary Sand, gravel,
peat, marl
Mesozoic  Jurassic 0- 200
Paleozoic Pennsylvanian Grand River Enq 110- 550
Saginaw Fm.
Mississippian Grand Rapids  Bayport Ls. 40- 125
Michigan Fm. 50- 500 Gas
Marshall Ss. 50- 300 Brine
Coldwater Sh. 500-1,050
Mississippian-
Devonian "Ellsworth Sh. 0- 625 Shale
Devonian Antrim Sh. 125- 650 Shale
Traverse 340- 800 Limestone, shale,
oil, gas, brine
Rogers City Ls.] 5. 215 0il, gas, brine
Dundee Ls. 0il, gas, brine
Detroit River 350-1,600 0il, gas, brine,
salt, gypsum (p)
Bois Blanc Fm. 0- 950
Silurian Bass Islands 0-4,400
Salina 0-4,400 011, gas, salt,
potash (p)
Engadine Dol. 125- 800+ 0il, gas, dolomite
Manistique 125~ 800+ Dolomite, limestone
Burnt Bluff 125- 800+ Limestone, dolomite
Cataract 50- 160
Ordovician Richmond 350- 740
Trenton 300- 775 Limestone
Black River 300- 775 Limestone
St. Peter Ss. 0- 60
Prairie du
Chien 300-2,600
Cambrian Trempealeau Fm.
, ] 300-2,600
Munising Fm.
Pre-
cambrian
(p) Potential Resource
Source: Harry J. Hardenberg, Michigan Geological Survey.
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tive oil production, of which approximately 35"

percent came from the Dundee limestone. The
same sequence of rocks also accounted for 22
percent of cumulative gas production while 73
percent came from the Michigan Formation of
Mississippian age. Proven reserves of oil and
gas at the end of 1968 were sufficient to support
current production rates for approximately
four or five years. Since this time new oil and
gas discoveries in the lower Silurian forma-
tions have stimulated exploration and drilling
activities in parts of Grand Traverse, Kalkas-
ka, and Antrim Counties as well as in adjoin-
ing countiesin Planning Subarea 3.1. The area
considered favorable for future Silurian oil
and gas discoveries is shown in Figure 5-7.
New field discoveries will undoubtedly lead to
an increase in oil and gas production and ex-
tend the production life of the area well into
the future.

Limestone and dolomite formations of the
Devonian, Silurian, and Ordovician systems
underlie most of the area north of Charlevoix
County (Figure 5-7). Surface or near-surface
exposures of limestone and dolomite are found
only at scattered locations, generally close to
Lake Michigan. The bulk of the crushed lime-
stone and dolomite comes from Silurian sedi-
ments that form a band 5 to 20 miles wide from
Seul Choix Point in Schooleraft County to the
easternmost point of Drummond Island in
Chippewa County. Much of this stone is ship-
ped to lake ports in the lower Great Lakes
Region where it is used as flux in iron and
steelmaking plants or for the manufacture of
cement and lime, Reserves of usable stone are
very large. A number of deposits are each
known to have reserves of ten to several
hundred million tons.30

The southern peninsula portion of the plan-
ning subarea is richly endowed with sand- and
gravel-bearing glacial and postglacial fea-
tures. The northern counties have large areas
of exposed bedrock, but even these are be-
lieved to have sufficient reserves to meet the
sand and gravel demands of the next 50 years.

The Ellsworth shale of Mississippian-
Devonian age in Antrim County and shale of
the Devonian Traverse Group in Emmet
County are mined for use in the manufacture
of cement. Numerous exposures of Ellsworth
shale are found in the bluffs and hills near the
village of Ellsworth. The best exposures of
Traverse Group shales are limited to the min-
ing sites in Emmet County. No estimate of
reserves of usable shale is available at this
time.

Gypsum and potash occurrences may repre-
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TABLE 5-37 Planning Subarea 2.4: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons)

1968
to

Commodity 1968° 1980 2000 2020 2020°
Clays and shale 323 400 640 1,030 31,300
salt W 900 2,000 4,000 98,000
Sand and gravel 5,442 7,600 12,000 20,100 594,400
Stone, crushed 9,322 12,400 21,100 36,000 1,034,400

1
zActual

Cumulative

Limestone and dolomite

W Withheld to avoid disclosing individual company
confidential data

sent potential resources within the planning
subarea. The gypsum oeccurs in strata of the
Detroit River Group of the Devonian system,
while potash occurs in the Salina Group of the
Silurian system. Few data are available on
these occurrences. Considerable exploration
work will be required to determine their
economic significance.

2.4.2 Mineral Industry Projection

2.4.2.1 Production

Projected mineral production for Planning
Subarea 2.4 is summarized in Table 5-37. With
the exception of petroleum and natural gas, all
mineral production is expected to inerease
during the projection period. Saline produc-
tion, which requires only negligible amounts
of land and fresh water, was not projected.

2.4.2.2 Water

Water is used in primary production of salt,
sand and gravel, and crushed stone. Current-
ly, salt producers, who operate throughout the
year, account for the bulk of new intake water
and water discharged. However, sand and
gravel and crushed stone producers, who op-
erate seasonally, are expected to be the prin-
cipal water users before the year 2000. Water
use patterns in 1968 and for the projected
years are presented in Table 5-38 at both the
annual and seasonal rate.

Water is also injected into oil-producing
formations by the petroleum industry to in-
crease the recovery of oil. Brine, which is pro-
duced in conjunction with the oil and fresh
water from surface sources, is also used in
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TABLE 5-38 Planning Subarea 2.4: Pro-
jected Mineral Industry Water Use (millions of
gallons per day)

1

1968 1980 2000 _ 2020
New Intake
April-Novenber 5.1 6.7 7.4 12.2
Average for 365 days 4.4 5.7 5.8 9.6
Discharged
April-November 5.0 6.6 7.1 11.8
Average for 365 days 4.3 5.6 5.6 9.3
Recirculated
April-November 1.5 2.5 4,2 8.1
Average for 365 days 1.0 1.8 3.0 6.0
Consumed
April-November 0.1 0.1 0.3 0.4
Average for 365 days 0.1 0.1 0.2 0.3
Total Water2
April-November 6.6 9.2 11.6 20.3
Average for 365 days 5.4 7.5 8.8 15.6

lEstimated
Intake plus recirculated

these secondary recovery techniques. Fresh
water injection during 1968 averaged approx-
imately 0.3 million gallons per day. The uncer-
tainties of future oil production in the area
preclude a water use projection for the pe-
troleum industry.

2.42.3 Land

The land required to maintain projected

mineral production is summarized by com- '

modity in Table 5-39. The acreage referred to
in this table must be mineral-bearing. Be-
cause each mineral deposit is unique, other
land uses should be discouraged from
preempting mining activities until after the
deposit is mined.

2.4.3 Mineral Problems

No serious long-range water or land prob-
lems are foreseen for mineral producers in
Planning Subarea 2.4. The mineral problems
associated with large expanding urban cen-
ters are absent in this area. Mineral supply
problems may develop in or near some of the
small communities, but these are likely to be
local in effect and continue only until other
nearby sources of supply can be established.

The petroleum industry faces a new problem
in obtaining oil exploration rights. In March
1970 a sale of 79,152 acres of 0il and gas leases
in northern Michigan was blocked by the
Michigan legislature. This unprecedented ac-
tion was sparked by a recreational group in
Emmet County who contended that there are
no assurances that oil development could be
carried on without endangering rivers and
lakes.

2.4.4 Summary and Conclusions, Including

Alternatives

With the possible exception of petroleum
and natural gas, reserves of all mineral com-
modities produced within the area exist in

“quantities large enough to support production

TABLE 5-39 Planning Subarea 2.4: Projected Mineral-Bearing Land Requirements (acres)

1968 1968 1968
1 to to 2 to 2
Commodity 1968 1980 1980 2000 2000 2020 2020
Clays and
shale 4 5 48 8 132 12 356
Sand and
gravel 84 117 1,191 185 3,165 309 9,145
Stone,
crushed 46 61 629 103 2,272 176 5,071
Total 134 183 1,868 296 5,569 497 14,572
1
Estimated

Cumulative



activity in excess of that projected for the next
50 years. Because presence of mineral re-
sources does not guarantee availability, it is
recommended that planning efforts incorpo-
rate programs to insure that valuable mineral
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resources are preserved and that planned de-
velopment includes mineral extraetion.

Periodic surveys of water use patterns ofthe
mineral industry are recommended to keep
abreast of intake and discharged water use
changes.



Section 3

PLAN AREA 3.0

3.1 Planning Subarea 3.1, Lake Huron North  petroleum, approximately 4 percent; and sand
and gravel, 3 percent of this value.

3.1.1 Status and Potential of the Mineral A total of 51 nonmetallic mineral operations
Industry and 518 oil and gas wells were producing in

1968. All the counties had sand and gravel op-

- 3.1.1.1 Resume erations. Oil and natural gas wells were active

in six counties, limestone quarries in four, and

Mineral productionin the 11 Michigan coun- shale and gypsum operations in one county
ties that make up Planning Subarea 3.1 in- each. A breakdown of producing sites by
cludes gypsum, petroleum and natural gas, county and type of operation is presented in
sand and gravel, shale, and limestone. Output  Table 5-41. Selected operations are shown in
and value of mineral products for 1960 and Figure 5-8.
1968 are summarized in Table 5-40. Cement,
manufactured from local limestone and shale,
is included in the table for reference only. 3.1.1.2 Resources and Reserves
From 1960 to 1968, gypsum output remained
constant while shale, sand and gravel, and Except for minor isolated occurrences of
crushed and broken stone increased in both  Mesozoic rocks, all the sedimentary forma-
output and value. Petroleum and dimension tionsin Planning Subarea 3.1 are of Paleozoic
stone decreased in both areas during this age. The formations range upward from the
time. The value of mineral production in the Munising Formation of the Cambrian system
PSA was $72,796,8341in 1968, with crushed and  to the Saginaw Formation of the Pennsylva-
broken limestone accounting for 28 percent; nian system. Oil and gas are extracted from

TABLE 5-40 Planning Subarea 3.1: Mineral Production, 1960 and 19682

1960 1968
Commodity Quantity Dollar Value Quantity Dollar Value

Cement:

Portland 376-pound barrels W W W W

Masonry 280-pound barrels %) W W 1)
Shale short tons W W W W
Gypsum short tons W W W W
Petroleum 42-gallon barrels 1,112,129 3,236,285 880,994 2,599,764
Sand and gravel short tons 2,443,467 1,650,384 3,049,000 2,326,000
Stone (crushed and

broken) short tons 19,090,014 16,445,472 21,566,352 20,219,460
Stone (dimension) short tons W W W W
Value of items that cannot be

disclgsed 0 smeeeeeeee- 38,599,954 —————mmwe 47,651,610

Total Planning Subarea 3.1 =  =====rm=e—- 59,932,095‘D ---------- 72,796,834b

W Withheld to avoid disclosing individual company confidential data; included with
"Value of items that cannot be disclosed."

2Excludes data for natural gas and natural-gas liquids, which are not avallable
Incomplete total. Excludes data for natural gas and natural-gas liquids, which
are not available.

43
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TABLE 5-41 Planning Subarea 3.1: Active Mineral-Producing Sites by State, County, and Type

of Operation, 1968

Sand and

State Shale Gypsum Gravel Limestone Gas 0il
County Pits Quarries Pits Quarries Wells Wells

Michigan
Alcona - - 4 - - —_—
Alpena 1 - 6 1 _ _—
Arenac - - 2 3 20 1432
Cheboygan - - 1 2 — —_—
Crawford - - 6 - 14 51
Tosco - 3 2 - - —
Montmorency - - 1 - —_— 1
Ogemaw - - 9 - - 2722
Oscoda - - 1 - -_ 12
Otsego - - 2 - 16 —_—
Presque Isle - - 4 3 - —
Total 1 3 38 9 50 4682

aEstimated, as oil fields cross county boundaries

the formations through wells; surface quar-
ries and pits yield shale, limestone, and gyp-
sum. Overlying the sedimentary rocks are
varying thicknesses of unconsolidated
Quaternary sediments of glacial origin that
contain deposits of sand and gravel, marl, and
peat. Currently only sand and gravel, exca-
vated by surface methods, is taken from the
glacial sediments. A generalized stratigraphic
succession of Planning Subarea 3.1 is pre-
sented in Table 5-42 along with the formation
thickness and mineral occurrences.
Petroleum and natural gas are produced
from limestone and sandstone formations in
the Mississippian, Devonian, and Silurian sys-
tems. Devonian limestone formations have
accounted for more than 99 percent of the
cumulative oil production of which approxi-
mately 67 percent came from the Dundee
limestone. Most of the remaining oil produc-
tion has come from limestones in the Detroit
River Group, which also accounted for approx-
imately 71 percent of the cumulative gas pro-
duction. Another gas-producing formation is
the Berea Sandstone Formation of the Missis-
sippian system, which has produced 27 per-
cent of the area’s cumulative gas produection.
Proven reserves of oil and gas at the end of
1968 were sufficient to support current pro-
duction rates for four or five years. Since 1968,

new oil and gas discoveries in the deeper-lying
Silurian formations have stimulated explora-
tion and drilling activities in Presque Isle,
Cheboygan, and Otsego Counties as well as in
the adjoining counties of Planning Subarea
2.4. The area considered favorable for future
Silurian oil and gas discoveries is shown in
Figure 5-8. New field discoveries will undoubt-
edly lead to an increase in oil and gas produc-
tion and extend the production life of the area
well into the future.

Limestone is quarried from Devonian for-
mations in Alpena, Presque Isle, and
Cheboygan Counties and from Mississippian
formations in Arenac County (Figure 5-8).
Surface or near-surface exposures of Devo-
nian formations include a narrow belt across
the central part of Cheboygan County and the
east-central part of Presque Isle County, and
numerous large connected areas along the
Lake Huron shoreline in Presque Isle and
Alpena Counties. The two near-shore quarries
in Presque Isle County account for the bulk of
crushed limestone output, most of which is
shipped via lake freighter to cement, lime,
chemical, iron and steelmaking plants at ports
in the lower Great Lakes Region. Crushed
limestone produced in Alpena County is used
in the manufacture of cement at the world’s
largest cement plant, located near the quarry
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TABLE 5-42 Planning Subarea Planning Subarea 3.1: General Stratigraphic Succession and
Mineral Resources

Thickness Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary ' Sand, gravel,
marl, peat
Mesozoic Jurassic 0- 25
Paleozoic  Pennsylvanian Saginaw Fm. 50- 400
Mississippian Grand Rapids Bayport Ls. 0- 25 Limestone
Michigan Fm. 50- 250 Gypsum
Marshall Ss. 50- 300 '

Coldwater Sh. 925-1,150

Sunbury Sh.
Berea Ss. ] 10- 250 Gas
Bedford Sh.
Devonian Antrim Sh. 150~ 650 Shale, gas
Traverse 650- 850 Limestone, oil,
gas, brine,
shale
Rogers City Ls. Limestone, oil,
80- 460 B3Ss brine
Dundee Ls. Limestone, oil,
gas, brine
Detroit River 350-1,400 0il, gas, brine,
salt
Bois Blanc Fm. 250-1,000
Silurian Bass Islands
Salina ] 600-4,200 0il, gas, salt
Niagara 250~ 750 0il, gas
Cataract 100- 160
Ordovician Richmond 450- 775
Trenton
Black River 300- 900
Prairie du
Chien 700-2,000
Cambrian Trempealeau Fm. | 700-2,000
Munising Fm.

Precambrian
Source: Harry J. Hardenberg, Michigan Geological Survey
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site. Except for minor quantities of dimension
limestone produced in the western part of
Presque Isle County, limestone produced in
the area is crushed, primarily for local use in
road construction and maintenance. Reserves
of usable stone in both the Devonian and the
Mississippian limestone formations are very
large.

The source of shale for cement manufacture
in Alpena County is the Antrim shale of the
Devonian system. This ranges from 150 to 650
feet in thickness and forms the bedrock sur-
face under most of the southern part of Alpena
County and the northern part of Montmor-
ency County. Although exposures are lim-
ited, usable reserves of accessible shale are
believed to be large.

A bed of shale occurring in the Traverse
Group of the Devonian system in Presque Isle
County has been found suitable for the man-
ufacture of lightweight aggregate.! The shale,
known as the Bellshale, is approximately 60 to
70 feet thick where exposed near Lake Huron.

Gypsum has been quarried by surface
methods in Iosco County since the middle
1870s. Much of the early production was sold as
soil conditioner. Current output is used in the
manufacture of gypsum building materials
and in cement to slow its setting. The gypsum
occurs in three horizontal layers in the Michi-
gan Formation of Mississippian age. The
layers are separated by 5-foot-thick layers of
shale and are overlain by glacial sediments
ranging up to 75 feet in thickness. The upper-
most gypsum layer averages approximately
16 feet in thickness and is 93 percent gypsum.
The middle layer is 5 feet in thickness and 86
percent gypsum, and the lower layer 7 feet in
thickness and 94 percent gypsum. Gypsum re-
serves within Josco County are believed to be
large enough to support increasing production
through the projection period.

Sand and gravel deposits are widely scat-
tered within the Quaternary glacial and post
glacial sediments that blanket nearly the en-
tire area. Their principal use is in local build-
ing and highway construction projects. Al-
though the full extent of the sand and gravel is
not known, reserves are believed to be many
times in excess of that needed to support pro-
jected production.

Unused resources of considerable mag-
nitude exist within the area, but large-scale
development of these resources during the
projection period is considered unlikely. In-
cluded in this category are salt, brine, marl,
and peat. Salt- and brine-bearing formations
underlie the entire area except the northern
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TABLE 5-43 Planning Subarea 3.1: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons)

1968

to
Commodity 19681 1980 2000 2020 20202
Gypsum w 1,400 1,900 2,600 93,600
Sand and gravel 3,049 4,100 6,800 11,400 333,600
Stone, crushed3 21,566 28,600 47,700 80,000 2,337,600

;Actual

Cumulative

Limestone

W Withheld to avoid disclosing individual company
confidential data

parts of Cheboygan and Presque Isle Counties
(Figure 5-8). Marl and peat deposits occur in
the glacial sediments and range in size from a
fraction of an acre to a hundred acres ormore.

3.1.2 Mineral Industry Projection

3.1.2.1 Production

Projected mineral production for Planning
Subarea 3.1 is summarized in Table 5-43. With
the possible exception of petroleum, natural
gas, and dimension limestone, all mineral pro-
duction is expected to increase during the pro-
jection period.

3.1.2.2 Water

Crushed stone production accounts for most
of the fresh water used by the mineral indus-
triesin Planning Subarea 3.1. Sand and gravel
producers account forthe remainder. Both are
produced on a seasonal basis, generally from
April through November. Water use patterns
in 1968 and for the projected years are pre-
sented in Table 5-44 at both the seasonal and
average annual rate.

Water is also injected into oil-producing
formations by the petroleum industry to in-
crease recovery of oil. Both fresh water from
ground-water sources and brine produced in
conjunction with oil are used in these secon-
dary recovery techniques. During 1968 fresh
water injection averaged nearly 0.6 million
gallons per day. The uncertainties of future oil -
production preclude a water use projection for
the petroleum industry.
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TABLE 5-44 Planning Subarea 3.1: Pro-
jected Mineral Industry Water Use (millions of
gallons per day)

1

1968~ 1980 2000 2020
New Intake
April-November 20.9 27.9 40.3 61.3
Average for 365 days 14,0 18,7 27.0 41.0
Discharged
April-November 18.4 24,4 34.8 51.3
Average for 365 days 12,3  16.3 23.3  34.3
Recirculated
April-November 1.2 1.5 8.3 20.7
Average for 365 days 0.8 1.0 5.6 13.8
Consumed
April-November 2.5 3.5 5.5 10.0
Average for 365 days 1.7 2.4 3.7 6.7

Total Waterz
April-November 22,1 29.4  48.6 82.0
Average for 365 days 14,8 19.7 32.6 54.8

lEstimated
Intake plus recirculated

3.1.2.3 Land

Land required to maintain projected min-
eral production is summarized by commodity
in Table 5-45. The acreage referred to in this
table must be mineral-bearing.

3.1.3 Mineral Problems

The combination of low population and
bountiful mineral resources in Planning Sub-

area 3.1 could be expected to allow for orderly
growth of the mineral industries within a
high-quality environment. No serious long-
range water or land problems are foreseen for
the mineral producers here.

The problem concerning oil exploration ac-
tivities, which was introduced in the preced-
ing chapter on Planning Subarea 2.4, applies
to Planning Subarea 3.1 as well, The reader is
referred to earlier discussion of this problem.

3.1.4 Summary and Conclusions, Including
Alternatives

Sufficient reserves of gypsum, sand and
gravel, shale and limestone exist in the areato
support production activity during the projec-
tion period.

Periodic surveys of the water use patterns of
the mineral industry are recommended to
keep abreast of intake and discharged water
use changes.

3.2 Planning Subarea 3.2, Lake Huron Central

3.2.1 Status and Potential of the Mineral
Industry

3.2.1.1 Resume

Mineral production in the 11 Michigan coun-
ties which make up Planning Subarea 3.2 in-

. cludes clay, peat, petroleum and natural gas,

TABLE 5-45 Planning Subarea 3.1: Projected Mineral-Bearing Land Requirements (acres)
1968 1968 1968
1 to 2 to 2 to 2
Commodity 1968 1980 1980 2000 2000 2020 2020
Clays and
shale 6 7 81 13 292 22 652
Gypsum 13 15 168 20 523 28 1,006
Sand and
gravel 40 54 561 89 1,995 150 4,389
Stone,
crushed 51 67 697 112 2,460 187 5,474
Total 110 143 1,507 234 5,270 387 11,521
1 .
Estimated

Cunmulative



salt, sand and gravel, and limestone. Cement
and lime are manufactured from both local
and imported raw materials. Bromine, cal-
cium compounds, iodine, magnesium com-
pounds, and potash (salines) are extracted or
manufactured from natural brines. Output
and value of mineral products for 1960 and
1968 are presented in Table 5-46. From 1960 to
1968, bromine, iodine, lime, cement, calcium
compounds, peat, and salt increased in output
and value while crushed and broken stone,
clay, and petroleum decreased in both. Sand
and gravel, dimension stone, and magnesium
compounds declined in output but increased in
value during this time while potash increased
in output and declined in value. The value of
mineral products was $81,853,664 in 1968, with
bromine accounting for more than 50 percent
of this total and magnesium compounds, pet-
roleum, and sand and gravel for more than 6
percent each.

A total of 76 nonmetallic mineral operations
and 1,298 oil and gas wells were active for the
planning subarea in 1968. All counties had
sand and gravel pits and oil wells, while
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natural gas wells were productive in five
counties, saline operationsin three, salt mines
and peat bogs in two, and clay and stone oper-
ations in one county each. Distribution of pro-
duecing sites by State, county, and type of op-
eration is presented in Table 5-47. Locations
of selected mineral operations are shown in
Figure 5-9,

3.2.1.2 Resources and Reserves

The sedimentary rocks underlying Planning
Subarea 3.2 range from the deeply buried for-
mations of the Cambrian system through the
near-surface exposures of the Mississippian
and Pennsylvanian systems. The formations
contain oil, natural gas, brine, salt, stone, and
coal deposits. Unconsolidated glacial and
postglacial sediments of the Quaternary sys-
tem that overlie the bedrock surface contain
deposits of clay, sand and gravel, peat, and
marl. Mineral materials are extracted by sur-
face excavation and wells. A generalized
stratigraphic succession is presented in Table

TABLE 5-46 Planning Subarea 3.2: Mineral Production, 1960 and 19682

1960 1968
Commodity Quantity Dollar Value Quantity Dollar Value

Bromine pounds W W W W
Calcium compounds short tons ) W W W
Cement:

Portland 376-pound barrels W W W W

Masonry 280-pound barrels W W 1) W
Clay short tons W W W W
Iodine pounds - W W
Lime short tons W W %) W
Magnesium compounds

(Mg0 equivalent) short tons W W 46,951 5,111,420
Peat short tons W W W W
Petroleum 42-gallon barrels 2,903,258 8,448,452 1,832,034 5,406,231
Potash short tons W %) W 1
Salt short tons W W W W
Sand and gravel short tons 5,770,723 4,267,149 5,564,000 5,243,000
Stone (crushed and

broken) short tomns W W 436,845 633,227
Stone (dimension) short tons W W 1,371 18,512
Value of items that cannot be

disclosed 0000 —eece——— 45,403,432  ———m—m—me 65,441,274

Total Planning Subarea 3.2 = = ——co—eee 58,119,033 - —————eeo 81,853,664

W Withheld to avoid disclosing individual company confidential data; included with
"Value of items that cannot be disclosed."

3Fxcludes data for natural gas and natural-gas liquids, which are not available
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TABLE 5-47
of Operation, 1968

Plan Area 3.0 51

Planning Subarea 3.2: Active Mineral-Producing Sites by State, County, and Type

Sand
and Lime-
State Clay Peat Salt Gravel stone Gas 0il
County Pits _Bogs  Salines Mines Pits Quarries Wells Wells
Michigan
Bay - - - - 2 - - 369b
Clare - - - - 2 - 9 89b
Genesee - - - - 11 - - 14b
224
Gladwin - - e e 2 - -
Gratiot - - 1 1 11 - 1 20
Huron - - - - 5 1 - Ab
Isabella - - “e - 4 - 9 204
Lapeer - 4 1 - 3 - - 19b
‘ c c
Midland - - 2 2 2 - 2 213b
Saginaw 1 - - - 2 - 1 60.b
Tuscola - 1 - - 18 - - 60
T = " o — T o b
Total 1 5 4 3 62 1 22 1,276

81ncludes bromine, calcium compounds, iodine, magnesium compounds, and potash.
Estimated, as oil fields cross county boundaries.

®Brine well operations.

5-48 along with formation thicknesses and
mineral occurrences.

Petroleum and natural gas are produced
from the Devonian and Mississippian forma-
tions that underlie the entire area at varying
depths. Dundee limestone of the Devonian
system yielded 82 percent of cumulative oil
production and the Michigan Formation, of
the Mississippian system, 76 percent of the
cumulative natural gas production. Most re-
maining oil production and all of the remain-
ing gas production has come from other for-
mations in the Devonian system. Proven re-
serves of petroleum and natural gas are suffi-
cient to support current production rates for
approximately four years. The possible dis-
covery of new fields, particularly in Silurian
strata, could extend production life. Uncer-
tainty about exploratory petroleum and
natural gas drilling makes it difficult to esti-
mate the future potential of this industry.

Natural brines are found in Mississippian
and Devonian formations. Salt beds are found
in Devonian and Silurian formations. Salt and
brines are both produced from the various

formations through wells. In addition to salt,
brines are the source of bromine, iodine, cal-
cium compounds, magnesium compounds, and
potash. The entire United States production of
iodine is recovered by the Dow Chemical Com-
pany from brines produced in Midland Coun-
ty.2 All of the salt and most of the brine carry-
ing formations underlie the entire planning
subarea. Reserves of salt and brine are unde-
termined.

Both crushed and dimension limestone are
taken from Bayport limestone at a quarry in
Huron County. The bulk of quarry production
is crushed for use as aggregate material. Di-
mension stone is marketed in both rough and
cut form. Reserves of limestone are sufficient
to support production throughout the projec-
tion period.

Marshall sandstone, underlying the north-
ern portion of Huron County, was at one time
quarried for use as grindstones. The quarries
in this area have been abandoned since 1929,
although some intermittent, short-lived pro-
duction has taken place since this date, Al-
though reserves of material suitable for
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TABLE 5-48 Planning Subarea 3.2: General Stratigraphic Succession and Mineral Resources
Thickness Mineral
Era System _ Group Formation (feet) Resources
Cenozoic Quaternary Sand, gravel, clay,
. peat, marl
Mesozoic Jurassic 0- 150
Paleozoic  Pennsylvanian Grand River Fm.] 75— 750
Saginaw Fm. Coal, brine
Mississippian Bayport Ls, 15- 125 Limestone
Michigan Fm. 50- 500 Gas
Marshall Ss. 50- 350 Sandstone, brine
Coldwater Sh. 800-1,150
Sunbury Sh.
Berea Ss. ] 10- 460 0il, brine
Bedford Sh.
Devonian Antrim Sh. 150- 650
Traverse 370- 820 0il, gas
Rogers City Ls} 50- 475 0il, gas, brine
. Dundee Ls. 0il, gas, brine
Detroit River 500-1,600 0il, gas, brine,
salt
Bois Blanc Fm. 50- 850
Silurian Bass Islands
Salina ] 2,200-5,000 0il, gas, salt
Niagara 100- 300 0il, gas
Cataract 150- 160
Ordovician Richmond 600- 850
Trenton
Black River] 625- 850
Prairie du
Camb Chien 600-2,600
ambrian Trempealeau Fm.
Munising Fm. ] 600-2,600
Precambrian
Source: Harry J. Hardenberg, Michigan Geological Survey

grindstones remain, it is unlikely that produc-
tion of sandstone for this use will occur during
the projection period.

Coal was mined at one time by underground
methods in Bay, Genesee, Huron, Midland,
Saginaw, and Tuscola Counties from the
Saginaw Formation of the Pennsylvanian sys-
tem. Coal production ceased due to the thin-
ness of the coal beds, the low grade and high
sulphur content of the coal, and the high cost
of underground mining. No future coal pro-
duction is anticipated here.

Glacial lake clay is the prime clay source in
the area. Although the lake clays are found in
most area counties, production is presently
confined to Saginaw County where clay is used
inthe manufacture of cement. No estimates of
glacial lake clay reserves are available. Be-
cause only one clay producer is actively min-

ing the substance, clay projections cannot be
made without disclosing the production plans
of this company. Clay production is, however,
expected to continue throughout the projec-
tion period. Reserves should be sufficient to
support this production.

The bulk of the peat produced is reed-sedge
peat produced at four sites in Lapeer County.
A minor amount of moss peat is also produced
from a single bog in Tuscola County. Both
types of peat are used as general soil con-
ditioners. Because some of the larger peat
bogs will be depleted during the next 20 to 25
years, smaller bogs are expected to be brought
into production to maintain output during the
remainder of the projection period. Peat de-
posits can support production well beyond the
projection period.

Sand and gravel is produced in all area



counties, for use primarily as aggregate in
paving and building construction, or as fill.
Molding sand is also produced in Tuscola,
Saginaw, and Bay Counties. High-quality de-
posits of sand and gravel are found in those
glacial sediments deposited by moving water.
Sand deposits are also found in former
glacial-lake beds. Reserves of sand and gravel
are not known, but are assumed to be suffi-
cient to support production during the projec-
tion period.

Marl was produced for approximately 30
years in Saginaw County and used in the
manufacture of cement. High grade marl de-
positsin this area were exhausted in the 1930s
and production ceased. Although other marl
deposits are available, renewed production of
marl is not expected during the projection
period.

3.2.2 Mineral Industry Projection

3.2.2.1 Production

Projected mineral production is sum-
marized in Table 5-49. With the exception of
petroleum and natural gas, all mineral pro-
duction is expected toincrease during the pro-
jection period. Clay production, not included
in the table, will probably maintain a constant
level during this time period.

3.2.2.2 Water

Sand and gravel and salt production ac-
count for most fresh water used by the mineral
industry in Planning Subarea 3.2. Sand and
gravel production is seasonal from April to
November. Brine production is a year-round
function. Water use patterns in 1968 and for

TABLE 5-49 Planning Subarea 3.2: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons)

1968
to

Commodity 1968 1980 2000 2020 2020°
Peat W 120 150 200 7,520
Salt W 1,250 2,640 5,560 133,200
Sand and gravel 5,564 7,210 12,050 20,130 589,460
Stone, crushed3 437 610 1,020 1,710 48,960
;Actual

Cumulative

Limestone
W Withheld to avoid disclosing individual company
confidential data
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the projection years are presented in Table
5-50 at both the seasonal and average annual
rate.

The petroleum industry uses minor
amounts of fresh water and brine for the sec-
ondary recovery of oil. Fresh water was in-
jected into producing formations at a rate of
0.2 million gallons per day in 1968, Uncertain-
ties of future oil production by secondary re-
covery techniques precludes a water use pro-
jection for this activity.

3.2.2.3 Land

Land required to maintain the projected
mineral production is summarized by com-
modity in Table 5-51. The acreage referred to
in this table must be mineral-bearing.

3.2.3 Mineral Problems

Land-use conflicts involving mineral pro-
ducers may arise in the vicinity of Flint,
Saginaw, Bay City, and Midland as these
population centers expand. Proper land use
planning that takes into account the mineral
needs and supplies of an area can forestall or
eliminate conflicts between mineral produc-
ers and other land users.

The large number of abandoned, unplugged

TABLE 5-50 Planning Subarea 3.2: Pro-
jected Mineral Industry Water Use (millions of
gallons per day)

1968 1980

2000 2020
New Intake
April-November 3.9 5.5 10.1 19.0
Average for 365 days 2.6 3.7 6.8 12.7
Discharged
April-November 3.9 5.3 9.8 18.6
Average for 365 days 2.6 3.6 6.6 12.4
Recirculated
April-November 6.9 14,1 24.2 48.5
Average for 365 days 4.6 7.6 16.2 32,4
Consumed
April-November 0.0 0.2 0.3 0.4
Average for 365 days 0.0 0.1 0.2 0.3
Total Water2
April-November 10.8 19.6 34.3 67.5
Average for 365 days 7.2 11.3 23.0  45.1
1
Estimated

Intake plus recirculated
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TABLE 5-51 Planning Subarea 3.2: Projected Mineral-Bearing Land Requirements (acres)

1968 1968 1968
1 to 2 to 2 to 2
Commodity 1968 1980 1980 2000 2000 2020 2020
Clays and
shale 3 4 45 7 156 11 335
Peat 843 896 1,071 1,119 1,631 1,493 2,433
Sand and
gravel 169 218 2,275 365 8,111 610 17,862
Stone,
crushed 8 11 114 18 405 31 892
Stone,
dimension 3 3 1 - 3 4 ——— 3 7
Total 1,023 1,129 3,506 1,509 10,307 2,145 21,529
1Estimated
Cumulative

Less than an acre

coal and brine test holes have contributed to
the pollution of ground water supplies.

3.2.4 Summary and Conclusions, Including
Alternatives

All mineral commodities produced within

the planning subarea, with the exception of
petroleum and natural gas, exist in quantities
large enough to support production activity
during the projection period.

Periodic surveys of the water use patterns of
the mineral industry are recommended to
keep abreast of intake and discharged water
use changes.



Section 4

PLAN AREA 4.0

4.1 Planning Subarea 4.1, Lake Erie North-
west

4.1.1 Status and Potential of the Mineral
Industry

4.1.1.1 Resume

The mineral commodities produced in the
Michigan counties that make up Planning
Subarea 4.1 include clay, peat, petroleum and
natural gas, salt, sand and gravel, limestone,
and dolomite. Qutput and value of production
for 1960 and 1968 are summarized in Table
5-52. Calcium compounds, cement, and lime,
included in Table 5-52 for reference only, are
manufactured from imported and local min-
eral materials. From 1960 to 1968, all mineral
commodities except peat inereased in output
and value. The value of mineral products in
1968 was $113,761,834 with salt and sand and
gravel each accounting for approximately 22

percent and lime for approximately 14 percent
of this value.

A total of 117 nonmetallic mineral opera-
tions and 460 oil and gas wells were producing
in 1968. All counties except Monroe had pro-
ducing sand and gravel operations and all
counties except Sanilac had producing oil and
gas wells. Four counties each had production
from clay pits and peat bogs. Salt mines and
stone quarries operated in two counties each.
Distribution of producing sites by county and
type of operation is presented in Table 5-53.
Locations of selected operations are shown in
Figure 5-10.

4.1.1.2 Resources and Reserves

The sedimentary bedrock formations under
Planning Subarea4.1 are of Paleozoic age. The
formations range upward from the Munising
Formation of the Cambrian system to the
Saginaw Group of the Pennsylvanian system.
Bedrock formations yield oil, gas, and salt

TABLE 5-52 Planning Subarea 4.2: Mineral Production, 1960 and 1968

1960 1968
Commodity Quantity Dollar Value Quantity Doliar Value

Calcium compounds short tons - W W
Cement:

Portland 376-pound barrels 6,730,657 23,394,636 W W

Masonry 280-pound barrels W W W W
Clay short tons 644,300 707,806 1,144,639 1,272,077
Lime short tons 1) W 1,317,116 15,615,188
Peat short tons 140,510 2,052,592 W W
Petroleum 42-gallon barrels 482,500 1,404,070 625,641 1,846,231
Salt short tons 3,102,514 25,150,398 3,367,324 25,349,600
Sand and gravel short toms 14,635,686 14,269,175 23,029,000 24,626,000
Stone (crushed and

broken) short tons 1,387,830 1,728,491 W W
Value of items that cannot be

disclosed 000000 ————————— 12,736,353 ————— 45,052,738

Total Planning Subarea 4.1 =  —————e— 81,443,521 ————————— 113,761,834

W Withheld to avoid disclosing individual company confidential data; included with

""Value of items that cannot be disclosed."”

3Excludes data for natural gas and natural-gas liquids, which are not available
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TABLE 5-53 Planning Subarea 4.1:
of Operation, 1968
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Active Mineral-Producing Sites by State, County, and Type

Sand Limestone
and and
State Clay Peat Salt Gravel Dolomite Gas 011
County Pits Bogs Mines Pits Quarries Wells Wells
Michigan
Lenawee 1 - - 9 - 70a 2
Livingston - - - 8 T~ 5 1
Macomb - - - 15 - 10 3
Monroe 2 2 - - 5 . 20a
Oakland - 2 -y 24 - 4 4
St. Clair 1 1 2 7 - 80 245
Sanilac - 3 - 6 - =, =
Washtenaw - - ~ 11 - 5 4
Wayne 3 - 3 10 2 3 4
= - - - T--a Tona
Total 7 8 5 90 7 177 283

a’Estimated, as oil and gas fields cross county boundaries

Brine well operations

“Includes one underground mine, and two brine well operations

from deep wells and stone from surface quar-
ries. Salt is also mined by underground
methods in the Detroit area. Overlying the
bedrock formations are unconsolidated
Quaternary sediments of glacial origin. These
sediments, locally attaining a thickness of
several hundred feet, contain clay, peat, and
sand and gravel deposits mined by surface
methods. A generalized stratigraphic succes-
sion of Planning Subarea 4.1 is presented in
Table 5-54 along with the formation thickness
and mineral occurrences.

Petroleum and natural gas are produced
principally from the Salina and Niagara
Groups of the Silurian system. These strata
account for 81 percent of the cumulative oil
production and 83 percent of the cumulative
gas production.!® The bulk of remaining pro-
duction is derived from the Trenton and Black
River Groups of the Ordovician system.
Proven reserves of oil and gas are sufficient to
support current production rates for four or
five years. New discoveries, improvements in
exploration technology, and the development
of workable secondary recovery techniques
would increase the reserves. The uncertainty
that surrounds discovery of new producing
fields makes estimates of this area’s pet-

roleum and natural gas industry potentials
impossible to determine.

Salt and artificial brines are produced from
the rocks of the Salina Group of the Silurian
system, which underlie this area at depths be-
tween 1,000 and 3,000 feet (Figure 5-10). Ac-
cumulations of salt often total as much as 500
feet in this group and provide salt reserves
that are enormous in terms of in-place ton-
nage. Barring unfavorable influences, these
reserves are sufficient to support production
for many thousands of years.

Crushed stone production is limited to the
Dundee limestone and the Detroit River
Group of the Devonian system and the Bass
Island Group of the Silurian system, which
extrude beneath parts of Wayne and Monroe
Counties (Figure 5-10). Dundee limestone is of
sufficient purity to be used in the manufac-
ture of cement. Less pure limestones and
dolomites of the Detroit River and Bass Island
Groups are crushed for use as aggregate, bal-
last, and agricultural lime. The quarrying of
stone can take place only where overlying gla-
cial materials are thin enough to permit
economical stripping and exposure of the rock.
Such occurrences are not numerous and
should be preserved for quarrying activity.
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TABLE 5-54 Planning Subarea 4.1:

General Stratigraphic Succession and Mineral Resources

Thickness, Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary Sand, gravel,
clay, peat
Paleozoic Pennsylvanian Saginaw 0- 50
Mississippian Michigan Fm. 50- 75
Marshall Ss. 50~ 150
Coldwater Sh. 1,000-1,150 Shale
Sunbury Sh.
Berea Ss. ] 50~ 400
Bedford Sh.
Devonian Antrim Sh. 100- 250
Traverse 90~ 690 0il
Rogers City Lsi 35- 360 0il, limestone
Dundee Ls.
Detroit River 200- 900 Gas, limestone,
sandstone
Bois Blanc Fm. 0-6,000
Silurian Bass Islands ] Dolomite
. 400~3,000
Salina Salt, oil, gas
Niagara 100- 475 011, gas
Cataract 100- 160
Ordovician Richmond 575~ 825
Trenton 0il, gas
Black River] 650- 900 011: gas
: St. Peter Ss. 0- 40
Prairie du
Chien 200-1,800
Cambrian Trempealeau Fm.]
Munising Fm. - 200-1,800
Precambrian
Source: Harry J. Hardenberg, Michigan Geological Survéy

Loss of production sites can result in the even-
tual decline of stone production, even though
large tonnages of stone remain in place.

Glacial lake clays, which constitute the area’s
principal source of clay, are largely con-
fined to the eastern half of the area. No esti-
mate of clay reservesis available. Ifthe known
deposits can be mined, sufficient reserves are
available to meet demands for the next 50
years. Shale, from bedrock formations in the
western two-thirds and northern one-half of
the area, may possibly be used as a clay substi-
tute or for lightweight aggregates if the re-
serves of glacial lake clays should be
exhausted. However, except along Lake
Huron in the northern part of the planning
subarea, the shale is likely to be under too
great a drift cover to be worked by surface
mining methods. No estimate of reserves of
usable shale is available at this time.

The bulk of moss, reed-sedge, and humus
peat deposits are found in the northern and
western portions of the PSA. Reserves are suf-
ficient to meet the demands of the next 50
years. Accumulations of peat range in depth
from a few inches to more than 20 feet. The
lateral extent of most depositsislimited. A few
large peat bogs currently are being mined in
St. Clair and Sanilac Counties. Although these
deposits can sustain production for some time,
reserves are limited. A decline in production
from these deposits can be expected in the fu-
ture.

Glacial and postglacial features that have
potential for sand and gravel deposits pre-
dominate in the western half of the area. Sand
and gravel may constitute only a small pro-
portion of such features, and the deposits differ
considerably in terms of quality. Reserves of
sand and gravel are not known, but it is



TABLE 5-55 Planning Subarea 4.1: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons)

968
to
20202

Commodity 19681 1980 2000 2020

Clays and shale 1,145 1,330 2,140 3,430 104,380

Peat w 130 170 210 8,240
Salt 3,367 4,800 10,200 21,600 515,400
Sand and gravel 23,029 28,580 47,750 79,780 2,336,080
Stone, crushed3 W 4,250 6,840 10,980 333,800
lActual

Cumulative

Limestone :
W Withheld to avoid disclosing individual company
confidential data

reasonable to assume that sufficient material
exists to meet the demands during the projec-
tion period.

4.1.2 Mineral Industry Projection

4.1.2.1 Production

Mineral production for Planning Subarea
4.1 is summarized for 1968 and projection
years 1980, 2000, and 2020 in Table 5-55. With
the exception of petroleum and natural gas, all
mineral production is expected to increase
during this period. Cumulative production

TABLE 5-56 Planning Subarea 4.1: Pro-
jected Mineral Industry Water Use (millions of
gallons per day)

1968° 1980 2000 2020
New Intake
April-November 59.6 81.2 143.0 239.7
Average for 365 days 41.5 56.6 100.8 171.2
Discharged
April-November 58.1 79.1 139.3 233.5
Average for 365 days 40.5 55.2 98.3 167.1
Recirculated
April-November 44.5 64.3 117.5 203.8
Average for 365 days 29.8 43.0 78.7 136.8
Consumed
April-November 1.5 2.1 3.7 6.2
Average for 365 days 1.0 1.4 2.5 4.1
Total Wat;er2
April-November 104.1 145.5 260.5 443.5
Average for 365 days 71.3 99.6 179.5 308.0

lEstimated
Intake plus recirculated
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over the projection period is also included in
the table and provides an estimate of the vast
quantities of mineral substances necessary to
meet future demands.

4.1.2.2 Water

Water is used in the primary production of
only three mineral commodities here: sand
and gravel, salt, and crushed stone. Sand and
gravel, generally produced seasonally from
April through November, accounts for the
bulk of water usage by the mineral industry.
Water use patternsin 1968 and for the projec-
tion years are presented in Table 5-56 at both
the annual and seasonal rate.

4.1.2.3 Land

As mineral substances are removed from
the ground and deposits are depleted, new
mineral land must be brought into production.
Land required to maintain the projected pro-
duction is summarized by commodity in Table
5-57. The acreage referred to in this table
must be mineral-bearing. Because each min-
eral deposit is unique, other land users should
be discouraged from preempting mining ac-
tivities until after the deposit is mined.

4.1.3 Mineral Problems

Competing land uses have removed large
acreages of mineral-bearing land from the re-
source inventory. One such conflict arises
from the growth of major cities such as De-
troit, Ann Arbor, and Pontiac, and their sub-
urbs. Land is subdivided and buildings erected
with little concern for underlying minerals. A
second conflict exists between surface prop-
erty owners and the underground salt mine
and salt-brine well producers in St. Clair and
Wayne Counties. Economie exploitation of
underground deposits requires that the pro-
ducer obtain mineral rights, through pur-
chase or lease, to that portion of the bed under-
lying the surface property. Where the land has
been subdivided into small parcels, new min-
eral rights acquisition must be negotiated
with each individual property owner; a time-
consuming and often unsuccessful activity.

No serious problem of water supply is fore-
seen for mineral producers in this planning
subarea. Discharge and recirculation prac-
tices of the sand and gravel producers can be
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TABLE 5-57 Planning Subarea 4.1:

Projected Mineral-Bearing Land Requirements (acres)

1968 1968 1968
1 to 2 to 9 to 9
Commodity 1968 1980 1980 2000 2000 2020 2020
Clays and
shale 16 19 210 31 695 49 1,510
Peat 700 950 1,130 1,200 1,755 1,600 2,600
Sand and
gravel 211 262 2,838 438 9,732 732 21,538
Stone,
crushed 20 25 270 41 932 66 2,000
Total 947 1,256 4,448 1,710 13,114 2,447 27,648
1Estimated
Cumulative

expected to change in an effort to eliminate
possible pollution or siltation of local water-
courses. Abandoned oil and gas wells and salt
tests are an ever-present source of pollution.
The locations of many early test wells were not
recorded, and the wells were not sealed when
abandoned. St. Clair County probably con-
tains the largest percentage of unrecorded oil
wells. These wells are potential ground-water
polluters with oil, gas, or brine fluid seepages.
State laws provide for the sealing of modern
wells and any abandoned wells that are lo-
cated. No quick methods for locating aban-
doned wells have been devised, so no easy so-
lution exists. Sealing of wells can be costly.

4.1.4 Summary and Conclusions, Including
Alternatives

All mineral commodities produced within
the PSA, with the exception of petroleum and
natural gas, exist in quantities large enough
to support production activity during the pro-
jection period, provided proper measures are
taken to locate and protect mineral resources.
It is recommended that the location, extent,
and evaluation of potential mineral deposits
be determined in order that planned develop-
ment can incorporate mineral extraction. Top
priority should be given to Wayne, Oakland,
and Macomb Counties, where the bulk of the
rapid growth is taking place, and loss of min-
eral resources is most critical.

Periodic surveys of the water use patternsof

the mineral industry are recommended to
keep abreast of intake and discharged water
use changes. Sand and gravel production is
the major water user, and representative sur-
veys of this industry may provide sufficient
information that an entire minerals industry
survey will not be necessary.

4.2 Planning Subarea 4.2, Lake Erie South-
west

4.2.1 Status and Potential of the Mineral
Industry

4.2.1.1 Resume

Mineral commodities produced in Planning
Subarea 4.2, composed of 3 counties in Indiana
and 20 counties in Ohio, include clay, gypsum,
peat, petroleum and natural gas, sand and
gravel, and stone (limestone, dolomite, and
sandstone). Output and value of production
for 1960 and 1968 are summarized in Table
5-58. Cement and lime, manufactured from
local stone and clay, are included in the table
for reference only. From 1960 to 1968, crushed
and broken stone, lime, portlant cement, gyp-
sum, and sand and gravel increased in both
output and value. Clay and masonry cement
decreased in both areas during this time,
while dimension stone and peat increased in
value but decreased in output. Mineral pro-
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TABLE 5-58 Planning Subarea 4.2: Mineral Production, 1960 and 1968*
1960 1968
Commodity Quantity Dollar Value Quantity Dollar Value
Cement:
Portland 376~pound barrels 2,882,400 9,840,838 W 1Y)
Masonry 280-pound barrels W W W 1Y
Clay short tons 383,470 495,555 356,155 433,117
Gypsum short tomns W w w w
Lime short tons 1,794,098 29,118,374 2,072,291 31,193,313
Peat short tons 1,176 W 574 38,030
Sand and gravel short tons 2,539,845 2,396,960 3,838,000 4,074,000
Stone (crushed and
broken) short tons 19,911,337 26,752,975 27,511,165 39,988,156
Stone (dimension) short tons 9,891 23,631 7,657 93,040
Value of items that cannot be
disclosed =0 eemeeemee- 2,123,615 ————mme—ee 14,125,953
Total Planning Subarea 4.2 =  ——=————eeo 70,751,948 —————em—en 89,945,609

—

W Withheld to avoid disclosing individual company confidential data; included with

"Value of items that cannot be disclosed.'

a'Excludes data for petroleum, natural gas, and natural-gas liquids, which are not

available

ductionin 1968 was valued at $89,945,609, with
crushed and broken stone accounting for 44
percent;lime, 35 percent; and sand and gravel,
5 percent.

A total of 144 mineral operations were active
in 1968. All counties, except Fulton County,
Ohio, reported nonmetallic production.
Limestone and dolomite quarries were active
in 17 counties, sand and gravel pits in 16, clay
pits in 10, sandstone quarries and peat bogs
each in 2 counties, and gypsum mines in one,
Although the number and output of oil and
natural gas wells are not known, counties that
may have had producing wells during 1968 are
indicated in Table 5-59, along with a distribu-
tion of nonmetallic mining sites by State,
county, and type of operation. Locations of
selected operations are shown in Figure 5-11.

4.2.1.2 Resources and Reserves

Planning Subarea 4.2 is underlain by
sedimentary formations of Paleozoic age. The
formations yield oil and gas from wells. An
underground mine yields gypsum, and surface
quarries yield limestone, dolomite, sandstone,
and gypsum. Overlying the Paleozoic forma-
tions are unconsolidated glacial sediments of
the Quaternary system. These materials, as

thick as 400 feet, contain sand and gravel,
peat, and clay deposits that are mined by sur-
face methods. A generalized straitigraphic
succession of Planning Subarea 4.2 with for-
mation thickness and mineral occurrences is
presented in Table 5-60.

Petroleum and natural gas are produced
primarily from strata in the Cambrian and
Ordovician systems. Large oil-bearing zones
within Ordovician strata extend across the
area in a general northeast-southwest direc-
tion, from Luecas and Ottawa Counties along
Lake Erie to Mercer and Auglaize Counties
near the Ohio-Indiana border. During the late
1800s, this area had hundreds of producing oil
and gas wells, most of which have since been
abandoned. Oil and gas production from
Cambrian strata has been confined mainly to
small areas in Erie and Huron Counties in the
eastern part of the PSA. Although oil- and
gas-bearing zones are fairly extensive, re-
serves in the Cambrian and Ordovician sys-
tems are believed to be small and the chance of
finding large new fields in these strata is be-
lieved to be slight.

Gypsum is produced by both underground
and surface mining methods near the shore of
Sandusky Bay in Ottawa County. It occurs in
shallow-lying beds in the Salina Group of the
Silurian system. Two beds averaging ap-
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TABLE 5-59 Planning Subarea 4.2: Active Miheral-Producing Sites by State, County, and Type
of Operation, 1968

Clay Sand Stone Quarries
and and Limestone

State Shale Gypsum Peat  Gravel and Sand- Gas 0il
County Pits Mines Bogs Pits Dolomite stone Wells Wells

Indiana
Adams 1 - - 2 3 - —_——— N.A.
Allen - - - 5 4 - —_— _—
DeKalb - - - 7 ~ N.A. _—
Subtotal 1 0 0 14 7 0 N.A. N.A.

Ohio
Allen - - - 1 5 - —_— N.A.
Auglaize 1 - - 8 1 - N.A. N.A.
Crawford - - - 1 1 - ——— N.A.
Defiance - - - 1 - - ~— N.A.
Erie - - - 6 4 2 ——— N.A.
Fulton - - - -~ - - N.A. _——
Hancock 1 - - - 3 - N.A. N.A.
Henry 2 - - 2 - - N.A, ———
Huron - - 1 5 - 2 N.A. N.A.
Lucas 1 - - 5 - —_— N.A.
Mercer - “a - — 2 - N.A. N.A.
Ottawa - 2 - 1 4 - N.A. N.A.
Paulding 3 - - - 3 - -— N.A.
Putnam 3 - - 1 3 - N.A. N.A.
Sandusky - - - 1 8 - —— N.A.
Seneca 2 - - - 4 - N.A. N.A.
Van Wert 1 - - - 3 - N.A. N.A.
Williams —— - b 7 o~ - N'AI N'Ao
Wood - - - - 6 - N.A. N.A.
Wyandot 1 - 1 5 4 - N.A. N.A.
Subtotal 15 2 2 43 56 4 N.A. N.A.
Total 16 2 2 57 63 4 N.A.  N.A.

3Includes one quarry and one underground mine
N.A. Not Available
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TABLE 5-60 Planning Subarea 4.2;

General Stratigraphic Succession and Mineral Resources

Thickness Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary 0-400 Sand, gravel,
1 _ peat, marl, clay
Paleozoic Mississippian Berea Ss. 1 0-40 Sandstone
Bedford Sh. 0-100
Mississipgian—
Devonian Ellsworth Sh. 0-340
Devonian Antrim Sh. 1 0-200
Tenmile Creek Dol. 0-50 Dolomite
Silica Fm.l 0-50 Limestone
Dundee Ls. 0-100 Limestone, dolomite
Traverse Fm. 0-175 Limestone(p),
Detroit 2 dolomite(p)
Riverl Detroit River Fm. 0-175 Dolomite(p), lime-
1 stone(p), gypsum(p)
Silurian Bass Islands Raisin River Dol.
Salinal Salina Fm.2 ] 0-500 Gypsuml, dolomite,
1 limestone?
Lockport 2 200 Dolomite
Wabash Fm. 0-200 Dolomite
Louisville Ls. 0-150 Dolomite, limestone
Waldron Fm.2 0-40 Dolomite
Salamonie Dol. 0-330 Dolomite
Ordovician Oili gas 1
Cambrian 0ilt, gas
lIn Ohio

In Indiana

(p) Potential Resource

Source:
Indiana Geological Survey

proximately 10 feet in thickness are being
mined. Both are situated above the surface
water level of Lake Erie. Although the size of
gypsum resources is not known, it is believed
that reserves are sufficient to support gypsum
production for many years.

An occurrence of evaporite beds, which may
contain gypsum, is viewed as a potential gyp-
sum resource in De Kalb County, Indiana. The
evaporites occur in the Detroit River rocks,
approximately 500 to 600 feet below the sur-

- face.?® These rocks are recognized as a forma-
tion in Indiana but as a group in Ohio.

Limestone and dolomite formations of the
Silurian and Devonian systems comprise the
largest bedrock surface in the planning sub-
area (Figure 5-11). Production in Indiana is
from Silurian strata. The Devonian forma-
tions are considered potential sources of both
limestone and dolomite. Quarries in the Ohio
part of the area produce from both Devonian
and Silurian formations. The bulk of the out-

Horace R. Collins, Ohio Division of Geological Survey and Lawrence F. Rooney,

put from this PSA is erushed and broken lime-
stone and dolomite for use as construction
aggregate, metallurgical flux, and in the
manufacture of lime and cement. Small quan-
tities of dimension limestone are also pro-
duced. Reserves of stone are enormous in
terms of in-place tonnage. However, much of it
is covered by various thicknesses of glacial
drift that hamper location of new quarry sites.
Overburden thickness and the increasing de-
mands of other land users are expected to
result in a trend toward deeper quarries dur-
ing the projection period.

Minor quantities of sandstone are quarried
from the Berea sandstone of the Mississippian
system in the eastern part of Erie and
Huron Counties. The bulk of the sandstone
output is sold as crushed and broken stone,
though small quantities of dimension
standstone are also produced. Reserves of us-
able sandstone within the Berea Formation
are large.



Sand and gravel deposits are found in gla-
cial and postglacial sediments, which cover
the entire PSA including the bed of Lake Erie,
Production methods include dredging of sub-
merged deposits, as in the Maumee Estuary,
which constitutes an important source of sand
and gravel in this part of Ohio. Output is used
mainly in building and road construction. Al-
though the full extent of the sand and gravel
resource of Planning Subarea 4.2 is not known,
reserves are believed to be many times in ex-
cess of that needed to support production
through the projection period.

Clay and peat deposits are also found in the
blanket of glacial sediments covering the PSA.
The clay is used in the manufacture of cement
and common clay products. Peat is used
primarily for soil improvement. Clay and peat
production is relatively insignificant com-
pared to the size of these resources within the
planning subarea.

4.2.2 Mineral Industry Projection

4.2.2.1 Production

Mineral production for Planning Subarea
4.2 is summarized for 1968 and the projection
years 1980, 2000, and 2020 in Table 5-61. Sand
and gravel, clay, and crushed stone production
is expected to increase during this period, but
petroleum and natural gas production will
probably cease.

4.2.2.2 Water

Water is used in primary production of
crushed stone, sand and gravel, and gypsum.
Stone and sand and gravel producers, who op-
erate on a seasonal basis, account for most of
the water usage. Water use patterns for 1968

TABLE 5-61 Planning Subarea 4.2: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons)

1968
to

Commodity 1968l 1980 2000 2020 20202
Clay 356 470 750 1,200 36,620
Sand and gravel 3,838 4,760 7,960 13,300 389,360
Stone, crushed3 27,511 36,740 61,390 102,600 2,997,640

lActual
Cumulative
Includes limestone and sandstone
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and the projection years are presented in
Table 5-62 at both annual and seasonal rates.

4.2.2.3 Land

Mineral-bearing land required to maintain
projected mineral production is summarized
in Table 5-63. In the case of crushed stone, ac-
reage estimates reflect the anticipated trend
toward deeper quarries during the projection
period. An average quarry depth of 50 feet was
used to calculate the acreage requirement for
the 1968 to 1980 period, 100 feet for the 1980 to
2000 period, and 150 feet for the 2000 to 2020
period. This accounts for the decline in annual
acreage requirements from 221 in 1980 to 185
in 2000, while annual production is projected
to increase from 36,740,000 tons to 61,390,000
tons during the same period. Should the trend
toward deeper quarries fail to materialize and
the current average quarry depth of approxi-
mately 50 feet be maintained through the en-
tire projection period, an additional 10,000
acres of quarry land will be required to sustain
stone production through the year 2020.

In addition to land areas, the projected sand
and gravel acreage estimates include water
areas mined by dredging. Although no esti-
mate of the acreage conducive to dredging is
available, it is likely that principal dredging

TABLE 5-62 Planning Subarea 4.2: Pro-
jected Mineral Industry Water Use (millions of
gallons per day)

19681

1980 2000 2020
New Intake
April-November 22.1  30.8 51.7 81.6
Average for 365 days 20.3 27.9 45.9 70.3
Discharged
April-November 21.2  29.5 49.3 75.5
Average for 365 days 19.4 26.7 43.7 66.5
Recirculated
April-November 7.3 9.9 20.1 39.8
Average for 365 days 6.1 8.2 16.7 33.6
Consuned
April-November 0.9 1.3 2,4 6.1
Average for 365 days 0.9 1.2 2.2 3.8

Total Water2
April-November 29.4 40, 71.8 121.4
Average for 365 days 26.4 36.1 62.6 103.9

~

lEstimated
Intake plus recirculated
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TABLE 5-63 Planning Subarea 4.2:

Projected Mineral-Bearing Land Requirements (acres)

1968 1968 1968
1 to to 2 to 2
Commodity 1968 1980 1980 2000 2000 2020 2020
Clays and
shale 18 27 281 43 978 69 2,093
Gypsum _ 11 15 161 20 503 26 964
Sand and
gravel 78 97 1,005 161 4,026 270 7,898
Stone, .
crushed 168 221 2,268 185 5,226 206 8,516
Stone,
dimension -3 S 3 -3 1 -3 2
Total 275 360 3,715 409 10,734 571 19,473
lEstimated
Cumulative

Less than an acre

operations will take place in the Maumee Es-
tuary.and offshore in Lake Erie.

4.2.3 Mineral Problems

0Oil and gas seepage from umplugged aban-
doned wells into surface and ground water
supplies has long been a pollution problem,
particularly in the Ohio part of the area. Rec-
ords of these old wells are practically
nonexistent. No easy methods for locating
abondoned wells have been devised, so no
quick solution to the problem exists.

Although competing land uses have re-
moved large acreages of mineral-bearing land
from the resource inventory, the problem has
not yet seriously jeopardized future supply of
minerals within the PSA. Unless proper min-
eral conservation measures are adopted,
population growth and increasing land use
demands can be expected to affect the plan-
ning subarea’s mineral production potential
by the end of the projection period.

4.2.4 Summary and Conclusions, Including
Alternatives

Sufficient reserves of clay, stone, and sand
and gravel exist in the area to support mineral
activity many timesin excess ofthat projected

to 2020. The extent of.the gypsum resource is
not known, by gypsum production is expected
to continue for many years. Petroleum and
natural gas production should cease well be-
fore the year 2000.

Planning measures to locate valuable
mineral-hbearing lands and preserve them
from other land uses are recommended par-
ticularly in those areas that will be affected by
urban expansion. The Fort Wayne and Toledo
areas should be given first priority in mineral
resource planning. Resource planning for the
Maumee Estuary and resource areas in and
near Lake Erie should also receive early con-
sideration.

Periodic surveys of water use patternsofthe
mineral industry are also recommended to
keep abreast of intake and discharged water
use changes.

4.3 Planning Subarea 4.3 Lake Erie Central

4.3.1 Status and Potential of the Mineral
Industry

4.3.1.1 Resume

Clay and shale, peat, petroleum and natural
gas, salt, sand and gravel, and stone (lime-
stone and sandstone) are produced in the
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Mineral Production, 1960 and 19682

1960 1968
Commodity Quantity Dollar Value Quantity Dollar Value

Cement:

Portland 376-pound barrels W W W W

Masonry 280-pound barrels W W W W
Clay and shale short tons 684,933 826,932 485,519 1,063,004
Coal, bituminous short toms 84,331 318,328
Grindstones short tons W W W W
Lime short tons 1,137,231 12,965,088 1,454,330 15,962,522
Peat short toms W W W W
Salt short tons \ W W W
Sand and gravel short tons 6,554,658 8,197,001 W W
Stone (crushed and

broken) short tons 1,707,816 5,753,430 1,682,084 5,098,660
Stone (dimension) short tons W W W W
Value of items that cannot be

disclosed 0 —me————— 28,800,503  ~——————- 48,136,448

Total Planning Subarea 4.3 = =  —=-————w- 56,861,282  ————————n- 70,260,634

W Withheld to avoid disclosing individual company confidential data; included with
"Value of items that cannot be disclosed."

8Excludes data for petroleum, natural gas, and natural-gas liquids, which are not

available

eight Ohio counties that make up Planning
Subarea 4.3. Output and value of mineral prod-
ucts for 1960 and 1968 are summarized in
Table 5-64. Lime, cement, and grindstones, in-
cluded in Table 5-64 for reference only, are
manufactured from both local and imported
mineral materials. From 1960 to 1968, the out-
put and value of sand and gravel, salt, and
lime increased while stone, peat, and cement
decreased in both areas and coal production
was discontinued. Grindstones, clay, and shale
decreased in output and increased in value
during this time. The value of mineral prod-
ucts in 1968 was $70,260,634. Of this value,
lime accounted for 23 percent; crushed and
broken stone, 7 percent; and clay and shale, 2
percent.

A total of 103 nonmetallic mineral opera-
tions were active in 1968. The number of pro-
ducing oil and gas wells in the area is not
known. All counties had production from sand
and gravel pits and gas wells. Sandstone quar-
ries were active in five counties, salt mines,
shale pits, and oil wells in three each, peat
bogs in two, and a limestone quarry and a clay
pitin one county each. A breakdown of produc-
ing sites by county and type of operation is
presented in Table 5-65. Selected operations
are shown in Figure 5-12.

4.3.1.2 Resources and Reserves

Planning Subarea 4.3 is underlain by
Paleozoic sedimentary formations which yield
oil, gas, and salt from deep wells, salt and
limestone from underground mines, and
sandstone, shale, and clay from surface quar-
ries and pits. Overlying the bedroek forma-
tions are unconsolidated glacial sediments of
the Quaternary system. These sediments lo-
cally are as thick as 300 feet and contain sand,
gravel, peat, and clay deposits that are mined
by surface methods. The generalized strati-
graphic succession of Planning Subarea 4.3 is
presented in Table 5-66 along with formation
thickness and mineral occurrences.

Salt is produced from rocks of the Salina
Group of the Silurian system. Except for the
western half of Lorain County, the area is un-
derlain by one or more beds of Salina salt.
Depth to these salt beds increases from ap-
proximately 1,300 feet in Lorain County to a
maximum of approximately 2,750 feet in the
southern part of Summit County.!

The combined thickness of these beds ex-
ceeds 300 feet in parts of Summit and Portage
Counties. In terms of in-place tonnage, re-
serves of salt measure in the hundreds of bil-
lions of tons. In addition, salt can be extracted
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TABLE 5-65 Planning Subarea 4.3: Active Mineral-Producing Sites by State, County, and Type
of Operation, 1968

Sand and Stone Quarries

State Shale Peat Salt Gravel Lime- Sand- Gas 011l
County Pits Bogs Mines Pits stone stone Wells Wells
Ohio
Ashtabula - - “a 6 - == N.A. —_—
Cuyahoga 5 1 1 7 - - N.A. —_—
Geauga - - b 9 - 2 N.A. —_——
Lake - - 2 5 - 1 N.A. —_—
Lorain - - - 3 - 2 N.A. N.A.
Medina 1€ - - 7 - -~ N.A.  N.A.
Portage - 1 -4 24 - 2 N.A. N.A.
Summit 1 - 2 16 1¢ 3 N.A, -
Total 7 2 5 77 1 10 N.A N.A.

aUnderground mine

Includes one underground mine and one brine well operation
Clay and shale

Brine well operations

Underground quarry

N.A. ©Not Available

o Ao

TABLE 5-66 Planning Subarea 4.3: General Stratigraphic Succession and Mineral Resources

Thickness Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary 0-300 Sand, gravel,
peat, clay
Paleozoic Pennsylvanian Pottsville 0-150 Coal, clay,
shale, conglo-
merate
Mississippian Cuyahoga Fm. 0-425
Berea Ss. 0-150 0il, gas, sand-
stone, brine
Bedford Sh. 0-100 Shale
Devonian Ohio Sh. 350-1500 Shale, gas
Delaware Ls, 0-50 Brine
Columbus Ls. 175 Limestone, brine
Oriskany Ss. 0-70 0il, gas, brine
Silurian Bass Islands Raisin River Fm. 0-250
Salina 0-1250 Salt
Lockport 475
Clinton Fm. 250 Gas
Albion Medina Ss. 250 011, gas
Ordovician
Cambrian 0il, gas (p)

Precambrian

(p) Potential Resource
Source: Horace R. Collins, Ohio Division of Geological Survey
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from the natural brines that occur in a
number of formations overlying the salt beds.
Reserves of salt and brine are sufficient to
support salt production in the PSA for many
thousands of years.

Petroleum and natural gas are produced
from the Berea and Oriskany sandstones of
the Devonian system and the Clinton Forma-
tion of the Silurian system. Gas-bearing zones
within these formations underlie large parts
of the area. The bulk of land underlain by oil-
bearing zones is found in Medina County. Re-
serves in the Silurian and Devonian systems
are believed to be small. Chances of finding
extensive new fields are believed to be slight,
but the search for new reservesin these strata
has expanded to include areas offshore in
Lake Erie. The deeper Cambrian strata, which
yield oil and gas to the south of the planning
subarea, remain to be fully tested in this part
of Ohio.

Limestone is quarried by underground
methods from the Columbus limestone of the
Devonian system. The formation is part of a
thick sequence of limestone and dolomite
strata called “Big Lime,” which lies more than
200 feet below the surface and extends under
the entire PSA. Most of the quarried stone is
used in the manufacture of cement near the
quarry site. Some of the stone is also marketed
as aggregate and dimension stone. Reserves
of usable limestone are believed to be very
large.

Planning Subarea 4.3 accounts for an ap-
preciable share of Ohio’s sandstone produc-
tion. Lorain County leads the State in dimen-
sion sandstone output and Geauga County
leads in production of erushed sandstone. The
source of the dimension stone is the Berea
sandstone of Mississippian age, which is ex-
posed at scattered locations in the western
part of the area. Stone from this formation is
also used in the manufacture of grindstones
and in crushed form as aggregate. Most of the
sandstone production in the southern and
eastern parts of the planning subarea is from
a conglomerate formation in the Pennsylva-
nian system. The formation, which extrudes
extensively in Geauga, Portage, Summit, and
Medina Counties, is exceptionally pure, with a
silicon dioxide content of more than 96 per-
cent.!? Because of its purity, the stone is quar-
ried for many uses besides that of aggregate
including refractory quartzite, foundry sand,
fire and furnace sand, metallurgical pebble,
engine sand, blast sand, filler, and glass sand.

Reserves of sandstone in both the Berea and
the conglomerate formation are sufficient to
support production many times in excess of
that projected for the next 50 years.

The most accessible and abundant re-
sources in Planning Subarea 4.3 are shale and
clay. Shale formations of the Devonian, Mis-
sissippian, and Pennsylvanian systems make
up the major rock outerops, for example in the
cliffs along Lake Erie. Principal production is
from the Ohio and Bedford shales of the Devo-
nian and Mississippian systems respectively.
In addition to clay products, the Bedford shale
is also used in the manufacture of lightweight
aggregate. Clay, found in the Pennsylvanian
coal formation, forms the bulk of the material
in the glacial drift. Only the Pennsylvanian
formation clays are used to manufacture
common clay products. The products made
from the glacial clays are generally of low
quality. Reserves of shale and clay for produc-
tion of common clay products are inexhausti-
ble.

Coal-bearing rocks of the Pennsylvanian
system underlie nearly all of Portage County
and parts of Geauga, Lake, Cuyahoga, Sum-
mit, and Medina Counties. Only the southern
half of Portage County and the southeastern
part of Summit County are underlain by coal
seams of any appreciable thickness. Previous
coal mining within the area was confined to
stripping operations in a small part of south-
ern Portage County. Two seams were mined,
averaging approximately 24 and 18 inches in
thickness. Although a significant tonnage of
coal remains, it is doubtful that mining will be
resumed because the beds are thin.

Sand and gravel deposits are widely scat-
tered within the area including the bed of
Lake Erie. The full extent of the occurrence of
these deposits and their size and quality are
not well known. Since land-based sand and
gravel operations generally require consider-
able surface area, there can be no doubt that
widespread urban development in this part of
Ohio is threatening availability of the greater
part of the sand and gravel resources.

Workable peat deposits are largely confined
to Medina, Summit, Portage, Geauga, and
Ashtabula Counties. Some of the deposits
cover several hundred acres, with thicknesses
varying to approximately 15 feet. The larger
bogs with the best quality peat are found in
Portage and Summit Counties. Peat reserves
are sufficient for the needs of the planning
subarea during the projection period.



TABLE 5-67 Planning Subarea 4.3: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons)

1968
to

Commodity 19681 1980 2000 2020 20202
Clays and shale 486 660 1,070 1,700 51,960
Salt w 7,900 17,000 36,600 862,400
Sand and gravel W 9,400 17,300 31,800 853,400
Stone, crushed3 1,682 2,180 3,600 6,100 177,480
;Actual

3Cumulative

Includes limestone and sandstone
W Withheld to avoid disclosing individual company
confidential data

4.3.2 Mineral Industry Projection

4.3.2.1 Production

Projected mineral produection for Planning
Subarea 4.3 is summarized in Table 5-67. With
the exception of petroleum, natural gas, and
dimension stone, all mineral production is ex-
pected to increase significantly during the
next 50 years.

4.3.2.2 Water

Water is used in the primary production of
salt and sand and gravel. Salt producers who
operate throughout the year account for the
bulk of new water intake and consumed water.
Sand and gravel producers operate seasonal-
ly, and account for most of the water that is
discharged and recirculated. Water use pat-
terns in 1968 and for the projected years are
presented in Table 5-68 at both annual and
seasonal rates.

The petroleum industry uses water to in-
crease the recovery of petroleum in the Berea
sandstone in Medina County. Brackish water
from a shallow formation is pumped to the
surface and then repumped into the oil-
producing zones. The amount of water used
and the quantities that may be required for
future secondary recovery projectsinthe area
are not known.,

4.3.2.3 Land

The mineral-bearing land required to main-
tain projected mineral production is sum-
marized in Table 5-69. Since output from such
land can vary over wide limits, depending on
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the quality of the deposits, planners should
consider the benefits of sequential land use
and permit mining interests to excavate high
quality mineral deposits before other land use
projects are initiated, This is particularly im-
portant for sand and gravel resources in the
area.

4.3.3 Mineral Problems

The loss of sand and gravel resources to
urban expansion in and around the sprawling
Cleveland metropolitan area has been recog-
nized as a major problem for a number of
years.

Another problem in the Cleveland area is
the locations of oil and gas wells abandoned
years ago before plugging operations were re-
quired. Over the years seeping gas from un-
plugged wells has contaminated surface water
supplies and caused explosions and fires in a
number of dwellings and buildings in the area.
No easy methods for locating abandoned wells
have been devised, and thus there is no quick
solution to the problem.

Local problems have resulted from careless
practices in the exploring, drilling, and opera-
tion of oil, gas, and brine wells. Improper drill-
ing procedures have on occasion resulted in
surface pollution from salt water spills. Un-

TABLE 5-68 Planning Subarea 4.3: Pro-
jected Mineral Industry Water Use (millions of
gallons per day)

1968l 1980

2000 2020
New Intake
April-November 24.3 38,7 77.4 152.4
Average for 365 days 20.7 31.8 64.7 129.6
Discharged
April-November 14.4 23,6 45.4  B3.4
Average for 365 days 11.0 17.0 33.0 61.4
Recirculated
April-November 8.0 13.6 27.4 55.6
Average for 365 days 5.8 10.4 21.2 43.3
Consumed
April-November 9.9 15.1 32.0 69.0
Average for 365 days 9.7 14.8 31.7 68.2

Total Water2
April-November 32.3 52.3 104.8 208.0
Average for 365 days 26.5 42.2 85.9 172.9

1Estimated
Intake plus recirculated
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TABLE 5-69 Planni_ng Subarea 4.3: Projected Mineral-Bearing Land Requirements (acres)

1968 1968 1968
1 to 2 to 2 to 2
Commodity 1968 1980 1980 2000 2000 2020 2020
Clays and
shale 7 9 99 15 347 24 742
Sand and
gravel 167 216 2,188 397 8,312 729 19,573
Stone,
crushed 11 15 154 24 546 41 1,203
Stone,
dimension -3 -3 3 -3 8 1 16
Total 185 240 2,444 436 9,213 795 21,534
;Estimated
3Cumulative

Less than an acre

plugged seismic shot. holes are believed to
have allowed - salt water to contaminate
ground water. Such incidents have caused
public concern over the more recent offshore
drilling activities in Lake Erie. The matter
remains a subject of considerable controversy
in Pennsylvania, New York, and Ontario,
Canada, as well as in Ohio. Although contami-
nation problems are not insurmountable, pub-
lic concern over the matter should be recog-
nized.

Appendix F20, Federal Laws, Policies, and
Institutional Arrangements, and Appendix
S20, State Laws, Policies, and Institutional
Arrangements, provide information on the de-
gree of public control over the problems men-
tioned above.

4.3.4 Summary and Conclusions, Including
Alternatives

Reserves of all mineral commodities pro-
duced within the area, with the possible ex-
ception of petroleum and natural gas, exist in
large enough quantities to support production
activity in excess of that projected to 2020.
However, sand and gravel supply problems
will become serious if proper conservation
measures are not undertaken within the near
future. It is recommended that planning mea-
sures be devised to locate and protect high
quality sand and gravel deposits, particularly

in and around the Cleveland metropolitan
area.

Periodic surveys of the water use patterns of
the salt and sand and gravel industries are
also recommended to keep abreast of intake
and discharged water use changes.

4.4 Planning Subarea 4.4, Lake Erie East

4.4.1 Status and Potential of the Mineral
Industry

4.4.1.1 Resume

The one Pennsylvania and four New York
counties that form Planning Subarea 4.4 pro-
duce clay, shale, gypsum, peat, petroleum and
natural gas, sand and gravel, and stone
(limestone and dolomite). Qutput and value of
these products for 1960 and 1968 are sum-
marized in Table 5-70. Cement and lime, which
are manufactured from imported limestone,
are included in the table for reference only.
From 1960 to 1968, the output and value of
sand and gravel, peat, and lime increased
while that for clay and shale, gypsum, cement,
and crushed and broken stone decreased. Di-
mension limestone production, which beganin
1967, was relatively insignificant. The value of
mineral products in 1968 was $23,634,384. Of



TABLE 5-70 Planning Subarea 4.4;

Plan Area 4.0 73

Mineral Production, 1960 and 19682

1960 1968
Commodity Quantity Dollar Value Quantity Dollar Value

Cement:

Portland 376-pound barrels W W W W

Masonry 280-pound barrels 1) %)
Clay and shale short tomns 344,332 351,482 198,813 191,165
Gypsum short tons W W W W
Lime short tons W W W W
Peat short tons W W W W
Sand and gravel short tons 2,616,095 3,570,343 5,791,000 7,611,000
Stone (crushed and

broken) short tons 8,469,219 11,620,608 3,396,687 6,076,760
Stone (dimension) short toms W W
Value of items that cannot be

disclosed 0000000 e 18,280,559  ~——————— 9,755,423

Total Planning Subarea 4.4 ——————— 33,822,992 @ —————— 23,634,348

W Withheld to avoid disclosing individual company confidential data; included with
"Value of items that cannot be disclosed."

a
Excludes data for petroleum, natural gas, and natural-gas liquids, which are not

available

this amount, sand and gravel accounted for 32
percent; crushed and broken stone, 26 per-
cent; and clay and shale, approximately one
percent.

A total of 48 nonmetallic mineral operations
and an estimated 2,930 oil and gas wells were
producing in 1968. All of the counties had sand
and gravel pits, while three counties had gas
wells, two each had stone quarries and peat
bogs, and one county had producing oil wells.
Erie County, New York, the only county with
shale and gypsum operations, led in the
number of nonmetallic mineral operations. A
breakdown of producing sites by county and
type of operation is presented in Table 5-71.
Selected operations are shown in Figure 5-13.

4.4.1.2 Resources and Reserves

Sedimentary formations in Planning Sub-
area 4.4 range upward from the Cambrian to
the Devonian systems of Paleozoic age. Struc-
turally, the beds dip and thicken across the
area from north to south. Qil and gas are
pumped from both shallow and deep-lying
formations, Gypsum is mined in shallow un-
derground workings, while limestone and
shale are extracted from surface quarries and
pits. Overlying most of the bedrock formations

are unconsolidated Quaternary sediments of
glacial origin. These contain sand and gravel,
clay, and peat deposits that are mined by sur-
face methods. A generalized stratigraphic
succession of Planning Subarea 4.4 is pre-
sented in Table 5-72, along with formation
thickness and mineral occurrences. ‘

Natural gas is produced principally from
sandstone formations in the Medina Group of
the Silurian system. Some gas is also produced
for domestic use from shallow shale forma-
tions in the Devonian system. Numerous gas-
bearing zones or fields have been found but a
large number have been abandoned or con-
verted to storage reservoirs for imported gas.
Gas reserves are small and considered rela-
tively insignificant compared to the demand
for gas. Currently, the search for new reserves
in the Lake Erie basin has been expanded to
include areas offshore in Lake Erie.

Petroleum is produced in the southern part
of Cattaraugus County. Production is from
several sand lenses in upper Devonian strata
with the Bradford and Chipmunk sands being
the main producers. These sands are believed
to be nearly exhausted after many years of
declining output. The chances for new pe-
troleum field discoveries in the planning sub-
area are considered small,

Gypsum is mined underground from the
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TABLE 5-71 Planning Subarea 4.4: Active Mineral-Producing Sites by State, County, and Type

of Operation, 1968

Clay Sand Limestone
and and and
State Shale Gypsum Peat Gravel Dolomite Gas 0il
County Pits Mines Bogs Pits Quarries Wellsa Wellsa
Pennsylvania
Erie - - 1 6 - 300 “——
New York
Cattaraugus - - 1 12 - 30 2,000
Chautauqua - b - 5 - —_—— m———
Erie 5 3 - 7 4 600  -——-—-
Niagara - - 1 3 —— mmee-
Subtotal 5 3 1 25 7 630 2,000
Total 5 3 2 31 7 930 2,000
gEstimated

Underground mines

Salina Group of the Silurian system. The
gypsum-bearing strata form a belt extending
across the northern part of Erie County, New
York. This belt ranges in width from a few
hundred to several thousand feet, and is
largely covered by glacial drift. Gypsum de-
posits within the belt average 4 to 6 feet in
thickness and are limited in depth to approxi-
mately 250 feet. Below that depth the gypsum
grades into anhydrite, which is of no commer-
cial value at present. Although the size of the
gypsum resource is not known, it is believed
that reserves are sufficient to support increas-
ing gypsum production during the projection
period. '

Salt, which also occurs in strata of the
Salina Group, underlies the southern part of
the area (Figure 5-13). Depth to the salt beds
ranges from approximately 800 to 2,500 feet
below sea level. The maximum thickness of
salt beds, approximately 300 feet, occursin the
southern part of Cattaraugus County, where
they are also found at the greatest depth. Re-
serves of salt are sufficient to support large-
scale mining. The outlook for initiating salt
mining in the area is uncertain, however, be-
cause of the availability of salt from other
nearby areas.

Two parallel limestone and dolomite belts
cross the northern part of the PSA (Figure
5-13). The northernmost belt, located in Niag-

ara County, consists of strata of the Clinton
and Guelph-Lockport Groups of the Silurian
system. The belt in Erie County to the south
contains the Onondaga Formation of the De-
vonian system. Stone quarried from both belts
is used primarily for aggregate. Smaller quan-
tities are used for railroad ballast, agricul-
tural stone, metallurgical flux, and other pur-
poses. Usable stone reserves in both belts are
believed to be very large.

Clay and shale are mined in Erie County,
New York, for use in the manufacture of ce-
ment, lightweight aggregate, building brick,
flowerpots, and other common clay products.
The clay occurs in the glacial sediments of the
Quaternary system, and is found throughout
the area in deposits ranging from less than
one foot to more than 60 feet thick. Shale con-
stitutes much of the bedrock underlying the
glacial drift. The most important shale mined
for clay product manufacture has been the
Hamilton Group of the Devonian system,
which forms an east-west trending belt across
the central part of Erie County. Clay and shale
reserves are extremely large. Their utility for
the manufacture of various clay products is a
matter for local investigation and testing.

Sand and gravel deposits are found in the
glacial and postglacial sediments that cover
the entire PSA. Good-quality deposits are
fairly well distributed on land and offshore in
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TABLE 5-72 Planning Subarea 4.4:

General Stratigraphic Succession and Mineral Resources

Thickness Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary 0- 10Q#% Sand, gravel,
peat, marl, clay
Paleozoic Devonian Conewango 500- 600
Conneautl Chadakoin Fm. 350- 400 0il
Canadaway 1,000-1,200 Sandstone
Java 100- 120
West Falls 415- 475 Gas
Sonyea 45- 100 Gas
Genesee 10- 50 ‘
* Tully Ls. + (0- 30) Gas (in subsurface)
Hamilton 120- 300 Gas, shale
Onondaga Ls. 150 Limestone, oil
Springvale Ss.l 0- 10
1 Oriskany Fm.l’2 0- 20 0il (in subsurface)
Helderberg (0- 50) Limestone (in
9 subsurface)
Silurian Bass Islands 74 0il
Rertie Akron Dol.l (0~  45)
Salina Camillus Sh. Gypsum
(subsurface)
Syracuse Fm. 700- 800 Salt
Vernon Sh.
Guelph- 1
Lockport Lockport Dol.™? 250 Dolomite
Clinton%* 110 Gas
Ordovician Medina* 150 Gas
Queenston Sh. 1,000
Oswego Ss.l (70- 100)
Reedsville Sh.> 565
i 1
Lorraine ?hé 850
Trenton shale Utica Sh.”?’
Trenton %
Limestone (300- 600)
Black Riverl (200- 300) (subsurface)
Cambrian Little Falls Dol. (0- 100) (subsurface)
Theresa Dol. (0- 700) )
Potsdam Ss. (0- 180) (subsurface)
Precambrian (subsurface)

1In New York
In Pennsylvania
Source:

*Subdivisions not included in this report
()Thickness for unit which is not exposed at surface

James F. Davis, New York State Geological Survey and reference 29



Lake Erie. Although the full extent of the re-
source is not known, there appears to be no
shortage of sand and gravel reserves. Supply
problems may develop in the vicinity of ex-
panding communities because sand and
gravel-bearing lands are usually areas of good
drainage, which are zoned for building con-
struction and other uses excluding mining.

Peat deposits are widespread throughout
the area. It has been stated that it would be
difficult to find a spot in the entire State of
New York that is more than 10 miles from a
peat swamp.'®* Though the size of the peat re-
source in the New York portion of the Plan-
ning Subarea is quite large, it has not been
measured. Reserves in Erie County, Pennsyl-
vania, are more than 3 million cubic yards at
deposits currently being mined. Reserves at
other bogsinthe county probably total more.3!
At the current rate of production, the reserves
in Erie County alone could supply all the area’s
demand for peat for hundreds of years.

Other resources that were used extensively
in the past include sandstone and marl. A con-
siderable tonnage of sandstone from Devo-
nian formations was quarried for building
stone in Erie County, Pennsylvania, where
more than 40 quarries were active at the turn
of the century.3* Marl, which occurs in the gla-
cial sediments, was used extensively for the
manufacture of cement in New York. Al-
though both resources are plentiful, neither is
expected to be mined during the projection
period because of the availability of substitute
materials at lower cost.

4.4.2 Mineral Industry Projection

4.4.2.1 Production

Projected mineral production for Planning
Subarea 4.4 is summarized in Table 5-73. With

TABLE 5-73 Planning Subarea 4.4: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons)

1968
to

Commodity 19681 1980 2000 2020 20202
Clays and shale 199 270 430 690 21,020
Sand and gravel 5,791 7,200 13,280 24,460 655,400
Stone, crushed 3,397 4,420 7,390 12,350 361,520

1Actual
Cumulative
Limestone
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TABLE 5-74 Planning Subarea 4.4: Pro-
jected Mineral Industry Water Use (millions of
gallons per day)

1

1968~ 1980 2000 2020
New Intake
April-November 9.1 12.7 22.9 39.6
Average for 365 days 6.1 8.5 15.3 26.5
Discharged
April-November 8.8 12.1 21.9 38.0
Average for 365 days 5.9 8.1 14,7 25.4
Recirculated
April-November 1.9 3.1 7.0 15,2
Average for 365 days 1.3 2.1 4,7 10,2
Consumed
April-November 0.3 0.6 1.0 1.6
Average for 365 days 0.2 0.4 0.6 1.1
Total Water2
April-November 11,0 15.8 29.9 54.8
Average for 365 days 7.4 10,6 20,0 36,7
lEstimated

Intake plus recirculated

the exception of petroleum, all mineral pro-
duction is expected to increase during the pro-
Jjection period.

4.4.2.2 Water

Sand and gravel production accounts for
most of the fresh water use by the nonmetallic
mineral industries in Planning Subarea 4.4.
Production is seasonal, generally from April
through November. Water use patterns in
1968 and for the projected years are presented
in Table 5-74 at both the seasonal and average
annual rate.

Water use by the petroleum industry in re-
covery of oil dates back to the early 1900s.
Water injected into oil-producing zones is be-
lieved to have come from surface and ground
water supplies. Data on the current rate of
water injection are not available.

4.4.2.3 Land

Land required to maintain the projected
mineral produectionisestimated by commodity
in Table 5-75. The acreage referred to in this
table must be mineral-bearing. Since each
mineral deposit is unique, exhaustible, and
nonrenewable, planners should permit min-
eral producers to deplete deposits or to locate
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TABLE 5-75 Planning Subarea 4.4: Projected Mineral-Bearing Land Requirements (acres)

1968 1968 1968
1 to 2 to 2 to 2
Commodity 1968 1980 1980 2000 2000 2020 2020
Clays and
shale 3 4 40 6 140 10 300
Peat 65 65 76 82 117 104 170
Sand and
_gravel 89 111 1,126 204 4,277 / 376 10,083
Stone,
crushed 15 20 206 33 736 55 1,620
Total 172 200 1,448 325 5,270 545 12,173
lEstimated
Cumulative

other suitable deposits before preempting
mining activities. Sequential land use, in
which mining is permitted to precede other
land use projects, can prevent loss of minerals
and insure their production at reasonable
costs.

4.4.3 Mineral Problems

Seepage from abandoned petroleum and
natural gas wells and the concern over
offshore drilling in Lake Erie, which were in-
troduced in Planning Subarea 4.3, apply to
PSA 4.4 as well. The reader is referred to ear-
lier discussion of these problems.

4.4.4 Summary and Conclusions, Including
Alternatives

Gypsum, limestone, dolomite, shale, and
sand and gravel exist in the area in quantities
large enough to support the increasing pro-
duction activity projected to 2020. Though loss
of mineral resources to urban expansion is not
a serious problem at this time, it is recom-
mended that proper conservation measuresbe
considered to avoid possible supply problems
in the vicinity of the larger urban centers.
Periodic surveys of the water use patterns of
the sand and gravel industry are also recom-
mended to keep abreast of intake and dis-
charged water use changes.



Section 5

PLAN AREA 5.0

5.1 Planning Subarea 5.1, Lake Ontario West

5.1.1 Status and Potential of the Mineral
Industry

5.1.1.1 Resume

The six New York counties forming Plan-
ning Subarea 5.1 produce gypsum, salt, sand
and gravel, petroleum and natural gas, and
stone (limestone, dolomite, and sandstone),
Output and value of mineral products for 1960
and 1968 are summarized in Table 5-76. From
1960 to 1968, sand and gravel, salt, and
crushed and broken stone increased in both
output and value while gypsum declined. Di-
mension stone increased in value but de-
creased in output during this time period.
Value of mineral production in 1968 was
$33,903,048, with crushed and broken stone
accounting for approximately 16 percent, and
sand and gravel for 11 percent of this value.

A total of 41 nonmetallic mineral operations
and an estimated 3,535 oil and gas wells were
producing in 1968. All counties except Wyom-
ing had sand and gravel operations, and all

TABLE 5-76 Planning Subarea 5.1:

counties except Orleans had producing
natural gas wells. Limestone quarries were
active in three counties, gypsum and salt
mines in two counties, and oil wells and a
sandstone quarry in one county each. A
breakdown of producing sites by State, coun-
ty, and type of operation is presented in Table
5-77. Selected operations are shown in Figure
5-14.

5.1.1.2 Resources and Reserves

Sedimentary formations in Planning Sub-
area 5.1 dip and thicken in a southerly direc-
tion across the region. The oldest and most
deeply buried is the Potsdam sandstone of the
Cambrian system. The most recent strata be-
long to the Conewango Group of the Devonian
system. Petroleum, natural gas, and salt are
extracted from various formations through
wells. Salt is also mined by underground
methods. Limestone, dolomite, and sandstone
are quarried at the surface. Overlying the
bedrock formations are unconsolidated glacial
sediments of the Quaternary system contain-
ing deposits of sand and gravel, peat, marl,
and clay. All of these minerals can be exca-

Mineral Production, 1960 and 19682

1960 1968
Commodity Quantity Dollar Value Quantity Dollar Value
Gypsum short tons W W W W
Salt short tons 1) W ) W
Sand and gravel short tons 2,419,258 2,492,280 3,053,000 3,770,000
Stone (crushed and
broken) short tons 1,913,739 3,200,491 2,769,945 5,288,922
Stone (dimension) short tons W W W W
Value of items that cannot be
disclosed 000 ceee————— 17,012,189  ——————— 24,844,126
Total Planning Subarea 5.1 = = —————eemn 22,704,960  ————emm—o 33,903,048

W Withheld to avoid disclosing individual company confidential data; included with
"Value of items that cannot be disclosed."

8Excludes data for petroleum, natural gas, and natural-gas liquids, which are not

available

79
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TABLE 5-77 Planning Subarea 5.1: Active Mineral-Producing Sites by State, County, and Type

of Op‘eration, 1968

Sand ~ Stone Quarries
and Limestone
State Gypsum  Salt Gravel and Sand- Gas 0il
County Mines Mines Pits Dolomite stone Wells® wellg?
New York
Allegany b - 4 - - 3,400 15
Genesee 1 b 5 4 - 70 -
Livingston - 1 5 1 - 20 -
Monroe lb - 8 3 - 5 -
Orleans - - 6 - - == -
Wyoming - 1€ _— - 1 25 -
Total 2 2 28 8 1 3,520 15
3pstimated

cUnderground mine
Brine well operation

vated from surface pits, but only sand and
gravel are currently produced from the glacial
sediments. A general stratigraphic succession
of Planning Subarea 5.1 is presented in Table
5-78 along with the formation thickness and

mineral oceurrences. )
Natural gas and petroleum occur in several

bedrock formations. The principal gas produc-
ers are sandstones in the Medina Group of the
Silurian system and the Oriskany sandstone
of the Devonian system. Many of the wells in
Allegany County produce minor quantities of
gas for domestic use from shallow Devonian
formations. Petroleum production, which is
confined to Allegany County,is from anumber
of sands in the Canadaway Group of the Devo-
nian system. The main preducer is the
Richburg sand which lies approximately 1,100
feet below the surface. Petroleum and natural
gas reserves in the area are small, and the
chances of discovering large new reserves are
considered slight.

Salt, which occursin the Salina Group of the
Silurian system, is the principal mineral pro-
duced in the area. The bulk of the salt comes
from an underground operation in Livingston
County, which is believed to be the largest
rock salt mine in the world (Figure 5-14). Salt
has been mined from an area of more than
2,000 acres since production began in the
1880s.2° Most of the workings are nearly 1,300
feet below the surface. The maximum depth to

salt in the planning subarea is approximately
3,000 feet below sea level datum in the south-
ern part of Allegany County where the salt
reaches a maximum thickness of approxi-
mately 600 feet.!” Salt reserves within the
area are enormous in terms of in-place ton-
nage.

Gypsum mined by underground methods in
Planning Subarea 5.1 1is derived from the same
formation that is mined for gypsum in Plan-
ning Subarea 4.4 to the west. Since the general
characteristics of the gypsum belt are the
same in both areas, the reader is referred to
Subsection 4.4, Planning Subarea 4.4, for the
description of the occurrence of this resource.
Within PSA 5.1 the belt of gypsum-bearing
strata extends across Genesee and Monroe
Counties and passes into Ontario County in
Planning Subarea 5.2 to the east. Total gyp-
sum reserves in PSA 5.1 are not known, but it
isbelieved that in-place tonnage is sufficiently
large to support increasing gypsum produe-
tion during the projection period.

The parallel limestone and dolomite belts
cross the northern part of the area and extend
into adjoining PSAs to the east and west (Fig-
ure 5-14). Principal geologic formations in-
clude the Onondaga limestone and the Hel-
derberg Group of the Devonian system in the
southernmost belt and the Lockport dolomite
and Clinton Group of the Silurian system in
the northernmost belt. The formations are
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General Stratigraphic Sucession and Mineral Resources

Thickness Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary 0-100 Sand, gravel, peat
marl, clay
Paleozoic  Devonian Conewango#* 0-600
Conneaut* 0-600
Canadaway* 1200 011
Java* 100-700 Sandstone
West Falls* 415-1200 Gas, sandstone
Sonyea* 50-300 Gas
Genesee* 10-300
Tully Ls. 0-15 Gas
Hamilton* 315-700 Gas
Onondaga Ls. 150 Gas, limestone
Springvale Ss. 0-10 Gas
Oriskany Fm. 0-70 Gas, sandstone,
brine
Helderberg* (0-50) Limestone (in sub-
surface)
Silurian Bertie#* 0-45
Salina Camillus Sh. Gypsun
Syracuse Fm.] 400-500 Salt
Vernon Sh. Salt
Lockport Dol. 150-200 Gas, dolomite
Clinton# 150
Medina Grimsby Ss. 75-170 Gas, sandstone
Whirlpool Ss. 0-125 Gas, sandstone
Ordovician Queenston Sh. 1000 Gas, sandstone
Oswego Ss. (100)
Lorraine Lorraine Sh. (500-700)
Trenton
shales Utica Shale (200-450)
Trenton
limestones* (600-700) Gas
Black River* (200-450)
Beekmantown* Tribes Hill Ls. (0-50)
Cambrian Little Falls Dol. (0-100)
Theresa Dol. (0-700) Gas
Potsdam Ss. (0-150) Gas, oil
Precambrian

*Subdivisions not included in this report.
( ) Thickness in subsurface for unit not exposed in planning subarea.

Source:

James F. Davis, New York State Geological Survey.
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TABLE 5-79 Planning Subarea 5.1: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons)

1968

1 to 9
Commodity 1968 1980 2000 2020 2020
Sand and grave] 3,053 4,080 6,620 11,400 333,680
Stone, crushed 2,770 3,610 6,030 10,100 295,260

lActual
Cumulative
Limestone and dolomite

quarried in Genesee and Monroe Counties.
Most of the stone is ecrushed for use as aggre-
gate. Reserves of usable stone in both belts are
believed to be very large.

Dimension sandstone is quarried in Wyom-
ing County from the Java and West Falls
Groups of the Devonian system. This quarry
produces rough dimension stone for use as
rubble and irregular-shaped facing stone as
well as sawed and cut dimension stone for ar-
chitectural work. The fine-grained, blue-gray
products are commonly referred to as “blue-
stone.” Reserves of usable stone are very large.

The area is covered by glacial and postglacial
deposits of the type mined for sand and gravel.
Although the full extent of the resource is not
known, sand and gravel reserves are believed
to be sufficient to meet the needs of the PSA
indefinitely. However, since urban expansion
tends to preempt mining activities both le-
gally and by building on deposits, local sand and
gravel supply problems can be expected in the
vicinity of the expanding communities.

5.1.2 Mineral Industry Projection

5.1.2.1 Production

Projected mineral production for Planning
Subarea 5.11s summarized in Table 5-79. With
the exception of petroleum and natural gas, all
mineral production within the planning sub-
area is expected to increase during the projec-
tion period.

5.1.2.2 Water

Water is used in the primary production of
salt, crushed and broken stone, and sand and
gravel. Sand and gravel production is season-
al, generally from April through November.
Water use patterns in 1968 and for the pro-

Plan Area 5.0 83

jected years are presented in Table 5-80 at
both the seasonal and average annual rates.
Discharge resulting from unwatering of gyp-
sum mines was not included in Table 5-80.
The petroleum industry injects water into
oil-bearing sands to increase the flow of oil
into producing wells. Data on the quantities of
water used for this purpose are not available.

5.1.2.3 Land

In this planning subarea, as in all others,
many acres of mineral-bearing land will be
required to maintain the projected mineral
production. An estimate of the surface land
which will be used to support future stone and
sand and gravel production is given in Table
5-81. No land use estimates are given for gyp-
sum and salt, which are mined by under-
ground methods, because the use of small
tracts of land for surface facilities can be ex-
pected to remain fixed for extended periods of
time.

5.1.3 Mineral Problems

No serious long-range water or land prob-
lems are foreseen for mineral producers in
Planning Subarea 5.1. Urban expansion may

TABLE 5-80 Planning Subarea 5.1: Pro-
jected Mineral Industry Water Use (millions of
gallons per day)

1968l 1980

2000 2020
New Intake
April-November 2,7 9.4 16.2 28.2
Average for 365 days 1.9 6.4 11.0 19.2
Discharged
April-November 2.2 8.9 15.2 24.7
Average for 365 days 1.5 6,0 10.2 16.6
Recirculated
April-November 1.8 5.1 9.3 17.4
Average for 365 days 1.4 3.7 6.8 12.8
Consured
April-November 0.5 0.5 1.0 3.5
Average for 365 days 0.4 0.4 0.8 2.6
Total Water2
April-November 4.5 14.5 25.5 45.6
Average for 365 days 3.3 10.1 17.8 32.0

1Estimated
Intake plus recirculated
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TABLE 5-81 Planning Subarea 5.1: Projected Mineral-Bearing Land Requirements (acres)

1968 1968 1968
1 to 2 to 2 to 2
Commodity 1968 1980 1980 2000 2000 2020 2020
Sand and
gravel 57 76 787 126 2,805 211 6,179
Stone, )
crushed 14 18 184 30 657 50 1,447
Total 71 94 971 156 3,462 261 7,626
lEstimated
Cumulative

create sand and gravel supply problems in or
near some communities, but these are ex-
pected to be local in effect. The nature of the
underground openings in the salt beds are
such that the occurrence of = rapid or pro-
nounced subsidence of land at the surface is
considered remote. Subsidence may be a pos-
sibility over near-surface gypsum seams that
have been mined, although no subsidence is
known to have taken place to date.

TABLE 5-82 Planning Subarea 5.2:

5.1.4 Summary and Conclusions, Including
Alternatives

Gypsum, salt, sand and gravel, and stone
exist in the area in quantities many times in
excess of that needed to support production
activity to the year 2020. Since presence of
mineral resources does not guarantee avail-
ability, it is recommended that planning efforts
within the planning subarea incorporate pro-

Mineral Production, 1960 and 19682

1960 1968
Commodity Quantity Dollar Value Quantity Dollar Value

Cement:

Portland 376-pound barrels W W W W

Masonry 280-pound barrels 1Y) 1) W 1)
Clay and shale short tons W W W W
Iron oxide pigments short tons W W e e
Lime short tons W Y 1 W
Peat short tons W W W W
Salt short tons W W | W
Sand and gravel short tons 3,079,510 3,352,208 4,333,000 4,490,000
Stone (crushed and

broken) short tons 5,165,853 7,386,840 6,914,382 10,968,092
Stone (dimension) short tons W W W W
Value of items that cannot be

disclosed 0 e 24,439,408  ——-emm——- 27,218,527

Total Planning Subarea 5.2 = =  ~—————me- 35,178,456  —————m——- 42,676,619

W Withheld to avoid disclosing individual company confidential data; included with
"Value of items that cannot be disclosed.”

3Excludes data for petroleum, natural gas, and natural-gas liquids, which are not

available



grams to insure that valuable mineral re-
sources, particularly sand and gravel and
stone, are preserved and that planned de-
velopment includes mineral extraction,

Periodic surveys of the water use patterns of
the mineral industry are recommended to
keep abreast of intake and discharged water
use changes.

5.2 Planning Subarea 5.2, Lake Ontario Cen-
tral

5.2.1 Status and Potential of the Mineral
Industry

5.2.1.1 Resume

Clay and shale, natural gas, peat, salt, sand
and gravel, and stone (limestone, dolomite,
and sandstone) are produced in the 12 New
York counties that form Planning Subarea 5.2.
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Output and value of mineral products for 1960
and 1968 are summarized in Table 5-82. Ce-
ment, lime, and iron oxide pigments, which are
manufactured from local mineral materials,
are included in the table for reference only.
From 1960 to 1968, sand and gravel, salt, and
crushed and broken stone increased in both
output and value. Cement, lime, peat, and di-
mension stone decreased in both areas during
this time while clay and shale increased in
value but decreased in output. The production
of iron oxide pigments was discontinued in
1960. The value of mineral production in 1968
was $42,676,619, with crushed and broken
stone accounting for 26 percent and sand and
gravel 11 percent of this value.

A total of 89 nonmetallic mineral operations
and an estimated 103 natural gas wells were
producing in 1968. All counties except Seneca
County had sand and gravel operations. Stone
quarries were active in nine counties, natural
gas wells in six, salt mines in three, peat bogs
intwo, and clay and shale pits in one county. A
breakdown of producing sites by State, coun-

TABLE 5-83 Planning Subarea 5.2: Active Mineral-Producing Sites by State, County, and Type

of Operation, 1968

Clay Sand Stone Quarries
and and Limestone
State Shale Peat Salt Gravel and Sand- Gas a
County Pits Bogs Mines Pits Dolomite stone Wells
New York
Cayuga - - - 4 1 - 20
Herkimer - - - 3 3 - -_—
Madison - - - 1 3 - —
Oneida - - b 11 1 - 5
Onondaga 3 - 1 8 4 - —_—
Ontario - 1 - 14 1 - 65
Oswego - - b 7 - - 5
Schuyler - - 2 3 — - —
Seneca - 1 - - 1 - 5
" Tompkins - - 1€ 2 1 1 ——
Wayne - - - 8 2 - —
Yates - - - 1 - - 3
Total 3 2 4 62 17 1 103
aEs timated

cBrine well operations
Underground mine
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ty, and type of operation is presented in Table

5-83. Selected operations are shown in Figure
5-~15.

5.2.1.2 Resources and Reserves

Bedrock in Planning Subarea 5.2 includes
Precambrian rocks and Paleozoic sedimen-
tary formations. The Precambrian rocks form
the bedrock in most of Herkimer County and
the northeastern tip of Oneida County.
Sedimentary formations, which range upward
from the Potsdam Sandstone Formation of the
Cambrian system to the Sonyea Group of the
Devonian system, dip and thicken across the
area in a southerly direction, with the older
formations forming the bedrock in the north-
ern part and.the younger formations in the
southern part. Various formations yield
natural gas and salt to wells. Salt is also mined
underground. Limestone, dolomite, and
sandstone are quarried from surface forma-
tions. Overlying much of the bedrock are un-
consolidated glacial sediments of the Quater-
nary system that contain deposits of sand and
gravel, peat, marl, clay, and diatomite. All of
these materials can be extracted from surface
pits. Production is currently limited to sand
and gravel, peat, and clay. A generalized
stratigraphic succession of Planning Subarea
5.2 is presented in Table 5-84 along with for-
mation thickness and mineral occurrences.

Although some wells yield natural gas from
shallow Devonian formations, the principal
gas producer is the Medina Group of the Silu-
rian system. Gas occurs in those sandstone
strata within the Medina that are sufficiently
porous to serve as reservoirs. It is absent in
impermeable zones. Porous sandstone areas
are characteristically erratic in occurrence
and irregularly distributed within the area.
Reserves of natural gas are small and the
chance of major new discoveries within the
Medina Group or any other strata within the
area is considered slight.

Salt is mined from the Salina Group of the
Silurian system, which underlies the southern
half ofthe area (Figure 5-15). Depth to the salt
ranges from approximately 200 feet above sea
level along the northern edge of the salt oc-
currence in Ontario County to more than 1,500
feet below sea level in the southern part of
Schuyler County.!” The zone containing salt
beds reaches a maximum thickness of 1,300
feet in Schuyler county. Individual salt beds
within the zone range from 15 inches to 548
feet in thickness. Although contaminants ren-
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der many salt beds uneconomic to mine and
process, salt reserves within the area are con-
sidered inexhaustible.

Gypsum also occurs in the strata of the
Salina Group of the Silurian system. During
the last century numerous outcrops were
quarried to produce gypsum for agricultural
uses and as a cement additive to slow harden-
ing. In addition to gypsum, many of the old
quarries also produced impure limestone from
upper Silurian formations for the manufac-
ture of natural cement. Ranging up to 60 feet
in thickness, the gypsum beds of Planning
Subarea 5.2 are thicker than in any other part
of the Salina gypsum belt, which extends
across New York from Erie County in Plan-
ning Subarea 4.4 to Herkimer County in the
eastern part of Planning Subarea 5.2.

The area is richly endowed with limestones
and dolomites, Current production is used for
agricultural stone, aggregate, railroad bal-
last, roadstone, dimension stone, and raw
material for the manufacture of cement and
quicklime. The principal limestone and dolo-
mite outcrops form three long narrow belts
(Figure 5-15). The belt extending across
Wayne County to the south central part of
Oneida County is made up of formations as-
signed to the Lockport and Clinton Groups of
the Silurian system. The southermost belt,
which crosses the width of the area from east-
ern Ontario County to western Herkimer
County, consists of strata of the Onondaga
limestone and the Helderberg Group of the
Devonian system. The Helderberg Group
strata are the source of dimension stone pro-
duction in Onondaga County. The belt that
cuts across Herkimer and Oneida Counties
and passes into Planning Subarea 5.3 to the
north is formed by the limestone strata of the
Trenton Group of the Ordovician system.
Usable stone reserves in each of the three
belts are very large.

Minor quantities of sandstone are quarried
as dimension stone at a single site in the west-
ern part of Tompkins County. The source of
sandstone is the Sonyea Group of the Devo-
nian system. Reserves of usable stone in the
Sonyea Group are believed to be more than
sufficient for the needs of the area during the
projection period.

Prior to 1965, iron oxide pigments for use in
paints were produced from iron ore, which oc-
curs as “fossil” and “oolitic” hematite inter-
bedded with limestone and shales in the Clin-
ton Group of the Silurian system. During the
last century, this ore was also mined for foun-
dry use. The iron ore beds extrude across the
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TABLE 5-84 Planning Subarea 5.2: General Stratigraphic Succession and Mineral Resources

Thickness, Mineral
Era System Group Formation (feet) Resources
Cenozoic Quaternary 0- 100 Sand, gravel, peat,
marl, clay, diatomite
Java 0- 700
Paleozoic Devonian  Sonyea%® 300-1,000 Gas, (subsurface)
sandstone
Genesee* 300-1,000
Tully Ls. 0- 30 Gas, (subsurface)
limestone
Hamilton¥* 225-2,000 Gas, shale
Onondaga Ls. 70- 100 Gas, limestone
Ulster* 0- 100
Helderberg¥* 0- 250 Limestone
Silurian  Bertie* 0- 90
Salina Camillus Sh. 75 Gypsum
Syracuse Fm. 150 ](200—2,000) Salt
Vernon Sh. 200 Shale
Lockport Dol. 75- 150 Gas, dolomite
Clinton#* 0- 380 Iron ore
Medina Grimsby Ss. 0- 100 Gas, sandstone
Whirlpool Ss. 0- 25 Gas, sandstone
Ordovician Queenston Sh. 0- 620 Gas, sandstone
Oswego Ss. 0- 160
Lorraine Sh. 0- 800
Trenton
shales Utica Sh. 100-1,500
Trenton
limestones 50- 600 Gas, limestone
Black River¥* 25- 250
Tribes Hill 0- 50
Cambrian Little Falls
Dol. 0~ 200
Theresa Dol. (0- 800)
Potsdam Ss. (0- 75)
Pre-
cambrian Granite

* Subdivisions not included in this report.
( ) Thickness in subsurface of unit not outcropping in planning subarea

Source: James F. Davis, New York State Geological Survey



area from Herkimer County to Monroe County
in Planning Subarea 5.1 to the west. These
beds range from thin partings to more than 6
feet in thickness and have an iron content av-
eraging between 20 and 45 percent. Although
the beds contain hundreds of millions of tons
of hematite in place, this resource is not
economical to mine because of thick overbur-
den cover, thinness of the ore beds, and the low
grade of the ore.

Current production of both clay and shale is
limited to Onondaga County. Shale excavated
from the Hamilton Group of the Devonian sys-
tem is used in the manufacture of cement,
while Vernon shale of the Silurian system is
used to produce lightweight aggregate. Clay,
which occurs abundantly in the glacial sedi-
ments of the Quaternary system, is used for
making art pottery and flowerpots. Shale and
clay reserves within the area are very large,
although their utility for various clay prod-
ucts manufacture is a matter for local inves-
tigation and testing.

The principal source of aggregate is sand
and gravel occurring in the unconsolidated
Quaternary sediments. The full extent of the
resource is not known. Quality sand and
gravel deposits appear to be fairly abundant
and should be more then ample to meet local
demand for many years.

Peat swamps are widespread throughout
the area and range up to several thousand
acres in size. If compared to the extent and
availability of the resource, current and pro-
jected production is relatively insignificant.
Although the size of the peat resource is large,
it has not been measured.

Other mineral materials that were produced
in the past include marl and diatomite or
diatomaceous earth. Both are found in lakes of
glacial origin. The marl, used in the manufac-
ture of cement, occurs extensively through

TABLE 5-85 Planning Subarea 5.2: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons)

1968

1 to 5
Commodity 1968 1980 2000 2020 2020
Clays and shale W 100 160 260 7,850
Sand and gravel 4,333 5,850 9,780 16,300 478,000
Stone, crushedd 6,914 9,390 15,630 26,200 767,440

%Actua]
Cumulative
Limestone
W Witbheld to avoid disclosing individual company

confidential data
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the central part of the PSA in deposits ranging
up to 30 feet in thickness and covering several
thousand acres. Principal diatomite deposits
are confined to lakes in the Adirondack region
in northern Herkimer County. Single deposits
have been estimated to contain from 100,000 to
more than 1,000,000 cubie yards of usable
material.l’® Previously, production was used
entirely in the manufacture of silver polish.
Production of either marl or diatomite during
the the projection period is considered unlike-
ly.

5.2,2 Mineral Industry Projection

5.2.2.1 Production

Projected mineral production for Planning
Subarea 5.2 is summarized in Table 5-85. With
the exception of natural gas, all mineral pro-
duction is expected to increase during the pro-
jection period.

5.2.2.2 Water

Water is used in the primary production of
salt, crushed stone, and sand and gravel. Salt
producers who operate throughout the year
account for the bulk of the water usage.
Crushed stone and sand and gravel producers
operate seasonally. Water use patternsin 1968
and for the projection years are presented in
Table 5-86 at both the annual and season
rates.

5.2.2.3 Land

As mineral substances are removed from
the ground and deposits are depleted, new
mineral-bearing land must be brought into
production. Land required to maintain the
projected production is summarized by com-
modity in Table 5-87.

5.2.3 Mineral Problems

Although aggregate resources are plentiful
in the area, local sand and gravel supply prob-
lems are anticipated in the vicinity of expand-
ing communities. For example, within the
Syracuse area in Onondaga County, sand and
gravel deposits are expected to be depleted by
1990.8
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TABLE 5-86 Planning Subarea 5.2: Pro-
Jected Mineral Industry Water Use (millions of
gallons per day)

1968 1980 2000 2020
New Intake
April-November 12.8 18.4 33.4 58.7
Average for 365 days 12,2 17.5 31.7 55.6
Discharged
April-November 9.1 13.2 22.6 36.6
Average for 365 days 8.5 12.4 21.1 33.8
Recirculated
April-November 1.5 3.6 10.2 27.4
Average for 365 days 1.1 2.9 8.8 24.8
Consumed
April-November 3.7 5.2 10.8 22.1
Average for 365 days 3.7 5.1 10.6 21.8
Total Waterz
April-November 14.3 22.0 43.6 86.1
Average for 365 days 13.3  20.4 40,5 80.4

1Estimated
Intake plus recirculated

5.2.4 Summary and Conclusions, Including
Alternatives

Vast reserves of salt, stone, clay, shale, and
peat can support the planning subarea needs
for many years beyond the projection period.
The same is probably true of sand and gravel,
although the sizeable acreage required for
projected and sand and gravel production may
not always be available at reasonable cost,

TABLE 5-87 Planning Subarea 5.2:

particularly in and around urban centers. It is
recommended that land use planning efforts
include measures to insure the preservation
and availability of quality sand and gravel de-
posits for future mining. Periodic surveys of
water use patterns of the mineral industry are
also recommended to keep abreast of intake
and discharged water use changes.

5.3 Planning Subarea 5.3, Lake Ontario East

5.3.1° Status and Potential of the Mineral
Industry

5.3.1.1 Resume

Mineral industries in the three New York
counties that make up Planning Subarea 5.3
produce iron ore, lead, sand and gravel, silver,
stone (marble, limestone, and dolomite), tale,
and zinc. Output and value of mineral prod-
ucts for 1960 and 1968 are summarized in
Table 5-88. From 1960 to 1968, dimension

stone production ceased. Only talc and lead

increased in output, while value gains were
reported for tale, lead, silver, and zinc. The
value of mineral products in 1968 was
$39,818,149, with zinc accounting for 45 per-
cent, and crushed and broken stone, 5 percent.

A total of 37 mineral operations were active
in 1968. All of the counties had stone quarries
and sand and gravel operations. All of the iron
ore, zine, lead, silver, and tale mines were cen-

Projected Mineral-Bearing Land Requirements (acres)

1968 1968 1968
1 to 9 to 2 to 2

Commodity 1968 1980 1980 2000 2000 2020 2020
Clays and

shale 1 1 15 2 52 4 112
Peat 8 8 10 8 12 8 19
Sand and

gravel 131 177 1,845 296 6,582 494 14,485
Stone,

crushed 37 50 525 84 1,874 141 4,126

Total 177 236 2,395 390 8,520 647 18,742
lEstimated

Cumulative
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Mineral Production, 1960 and 19682

1960 1968
Commodity __Quantity Dollar Value  Quantity Dollar Value
Iron ore (usable) long tons, .

b gross weight 1,536,506 W 1,187,369 W
Lead short tons 775 181,350 1,396 368,879
Sand and gravel short tons 1,483,018 1,618,008 W W
Silverb troy ounces 49,324 44,641 27,615 59,223
Stone (crushed and
broken) short tomns 782,143 1,909,133 768,008 1,836,071
Stone (dimension) short tons W 1Y
Tal short tons W W W W
Zinc short tons 66,364 17,121,912 66,194 17,872,380
Value of items that cannot be

disclosed 00 ——eee———— 22,784,362  ——e—m——ee 19,681,596
Total Planning Subarea 5.3 ————————o 43,659,406 ————mm——e 39,818,149°

W Withheld to avoid disclosing individual company confidential data; included with
"Value of items that cannot be disclosed.”

%Excludes data for petroleum, natural gas, and natural-gas liquids, which are not

available.

Recoverable content of ores, etc.
Excludes data for petroleum, natural gas, and natural-gas liquids,

CIncomplete total.
which are not available.

tered in the southern part of St. Lawrence
County. Distribution of producing sites by
State, county, and commodity is presented in
Table 5-89. Locations of the sites are shown in
Figure 5-16.

5.3.1.2 Resources and Reserves

The bedrock in Planning Subarea 5.3 in-
cludes Precambrian, Cambrian, and Ordovi-
cian formations. Talc, marble, and all of the

TABLE 5-89 Planning Subarea 5.3: Active Mineral-Producing Sites by State, County, and Type

of Operation, 1968

Zinc, Sand Stone Quarries
Iron Lead and and Limestone
State Ore Silver Talc Gravel and
County Mines Mines Mines Pits Dolomite Marble
New York
Jefferson - - - 10 1a -
Lewis b e ~d 3 3 -
St. Lawrence 1 2 3 11 2 1
Total 1 2 3 24 6 1

3Includes one underground quarry

Open-pit mine

Includes one underground zinc mine and one underground zinc-lead-

silver mine

Includes two underground mines and one open-pit mine
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General Stratigraphic Succession and Mineral Resources

Thit¢kness
(feet) Mineral
Era System Group Formation At Surface Resources
Cenozoic Quaternary 0-150 Sand, gravel, peat,
and diatomite
Paleozoic  Silurian Medina Grimsby Ss. 20
Ordovician Queenston Sh. 40
Oswego Ss. 150 Sandstone
Lorraine Pulaski Fm. 200
Whetstone Gulf Fm. 400-600 Sandstone, shale
Trenton
shales Utica Sh. 40-250  Shale
Trenton
limestones¥* 450-500 Limestone
Black River#* 50-240
Cambrian Ogdensburg Dol. 0-150 Dolomite
Theresa Dol. 50-150 Dolomite
Potsdam Ss. 0-150 Sandstone
Precambrian Iron ore, lead,

zinc, silver,
feldspar, talc,
marble, granite

Potential mineral
resources: beryllium,
graphite, fluorspar,
garnet, pyrite,
titanium, uranium,
and vanadijum.

* Subdivisions not included in this report

Source: James F. Davis, New York State Geological Survey

metallic ores are taken from Precambrian
rocks. The Ordovician and Cambrian sedimen-
tary strata yield limestone and dolomite.
Overlying the bedrock are unconsolidated gla-
cial and postglacial sediments of the Quater-
nary system, which currently yield only sand
and gravel. Zing, lead, silver, some stone, and
much of the tale are mined underground.
Stone and tale are also mined by surface
methods, as are iron ore and sand and gravel.
A generalized stratigraphic succession of
Planning Subarea 5.8 is presented in Table
5-90, along with formation thickness and min-
eral occurrences.

Sphalerite and galena are the sulfide min-
erals mined for zinc and lead respectively.
Sphalerite occurs separately and also in com-
bination with galena and pyrite (iron sulfide)
as replacement bodies or veins. These pinch
and swell in the recrystallized and highly al-
tered Grenville marble of Precambrian age.

Silver, associated with galena, is recovered as
a byproduct during the lead smelting process.
As evidenced by the large output of zinc,
sphalerite oceurs more abundantly than the
lead mineral galena. This discouraged mining
in the area in the last century, because there
was little use for zinc at that time and the
mixture of galena, sphalerite, and pyrite rep-
resented an uneconomical separation process
for lead production. Although lead was
sporadically produced from small galena de-
posits during the 1800s, known sphalerite de-
posits remained virtually untouched for 80
years until the first zinc mine opened in 1915.
This operation, the Edward mine, is still pro-
ducing. The Balmat mine, currently produc-
ing all of the area’s lead and silver in addition
to zine, began operation in 1928.!% At both
mines, ore veins of consistent grade are be-
lieved to extend to depths well below current
mining levels. Therefore, reserves are be-
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lieved to be sufficient to support an increase in
zinc, lead, and silver production during the
projection period.

Tale occurs in the Grenville marble in close
proximity to the zinc-lead sulfide deposits and

_has been mined in St. Lawrence County with-
out interruption since 1880. The talc-bearing
beds range up to 400 feet in thickness and their
dip extends down more than 2,000 feet. Gener-
ally, the grade of ore is less than 25 percent
talc. Principal uses of this soft, grit-free com-
modity are in the manufacture of ceramics,
paint, rubber, and covering materials for
floors and walls. Reserves of talc within the
area are sufficiently large to maintain the
current rate of talc production well beyond the
projection period.

Iron ore production is centered in the
magnetite distriet of south-central St. Law-
rence County. Deposits occur as replacement
bodies in narrow belts of metamorphosed Pre-
cambrian sedimentary rocks enclosed by gran-
ite and granite gneiss. The discovery of
magnetite ore in the area dates from at least
1813 and various mining interests operated in
the area between 1830 and 1919. The Benson
mines deposits, the principal ore bodies in the
district, were reopened in 1943 and continue to
produce ore. The main ore body is approxi-
mately 2 miles long, one mile wide, and 200 feet
thick, with an iron content of approximately
26 percent. Measured ore reserves at the Ben-
son mines deposits, which include some hema-
tite in addition to magnetite, totaled 103 mil-
lion long tons in 1955 plus inferred and poten-
tial ore, each estimated at more than 10 mil-
lion long tons. Ore reserves at more than 40
other known deposits in the district include
less than 10 million long tons of measured ore;
15 million long tons of indicated ore; 50 million
long tons of inferred ore; and 80 million long
tons of potential ore.® '

Although minor guantities of dimension
stone were produced in the past, all current
stone production is classified as crushed and
broken. In Lewis and Jefferson Counties, pro-
duction from the Trenton Group limestones of
the Ordovician system is used as concrete
aggregate, roadstone, and as filler in paint,
rubber, calcimine, putty, paper, and pottery.
In the northern part of St. Lawrence County,
limestone and dolomite quarried from forma-
tions of the Cambrian and Ordovician systems
are used as concrete aggregate, roadstone, ag-
ricultural stone, and in cement manufacture.
A quarry in the southern part of St. Lawrence
County produces crushed marble from Pre-
cambrian rocks for use as roadstone and ag-

ricultural stone (Figure 5-16). Usable stone
reserves, which also include sandstone, gran-
ite, and other types of igheous and metamor-
phic rocks, are extensive.

Sand and gravel, produced from Quaternary
sediments which range up to 150 feet in thick-
ness, is used in building and highway con-
struction, paving, and fill. Reserves of sand
and gravel have not been determined, though
it is believed that sufficient material will be
available to support production during the
projection period. Where sand and gravel are
locally in short supply, crushed stone can
probably be obtained as a substitute material.

In addition to current production in the
area, certain other mineral resources warrant
consideration because of their former impor-
tance and their future development prospects.

Graphite, a soft black mineral composed of
carbon, was mined in the eastern part of St.
Lawrence County from 1937 to 1942. Source of
this material was a graphite schist occurrence
in the Grenville marble of Precambrian age.
Output, which averaged approximately 65
tons per day in 1940 and 1941, ceased when
high-grade 20 to 25 percent graphite ore be-
came low-grade hard ore at depth.!’* Sub-
sequent exploration has failed to locate other
commercial graphite deposits. The outlook for
future graphite mining in the planning sub-
area does not appear promising at this time.

A belt of hematite iron ore is located in the
Jefferson, Lewis, and St. Lawrence tri-county
area. The hematite occurs as seams in the
Grenville marble and was mined by a number
of small producers from 1825 to 1910. Total
output of hematite ore from the belt was ap-
proximately 2,500,000 tons.!'®* Remaining re-
serves, estimated at less than 2,000,000 long
tons,® are considered relatively insignificant.

Closely associated with the hematite seams,
and occurring in the same geologic formation,
are pyrite (iron sulfide) deposits. Bands of
pyrite-bearing rocks range from a few feet to
more than 50 feet in width and generally are
from 5 to 1Q percent pyrite by volume. More
than 600,000 long tons of pyrite concentrates,
averaging approximately 40 percent elemen-
tal sulfur, were produced between 1883 and
1921.22 The concentrates were shipped to
roasting plants for extraction of elemental
sulfur used to manufacture sulfuric acid. Al-
though pyrite reserves have not been deter-
mined, mining of pyrite during the projection
period is unlikely due to the availability of
sulfur from other sources.

Feldspar crystals ranging from a few inches
up to several feet in length have been found at



TABLE 5-91 Planning Subarea 5.3: Pro-
jected Mineral Production by Selected Com-
modities (thousands of short tons unless other-
wise noted)

1968
to

Commodity 19681 1980 2000 2020 20202
Iron ore3 1,187 1,450 1,990 2,740 97,600
Lead 1 2 2 2 101
Sand and gravel W 1,360 2,270 3,800 111,160
Silver® 5 28 42 42 42 2,100
Stone, crushed 768 950 1,590 2,660 77,800
Zinc 66 95 95 95 4,766
1

2Actual

Cumulative

Thousands of long tons

Thousands of troy ounces

Includes limestone and marble

W Withheld to avoid disclosing individual company
confidential data
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various localities in the Precambrian rocks of
St. Lawrence County. Large crystals such as
these oceur in pegmatites, which are coarsely
textured modifications of granite. Feldspar is
used extensively as a raw material in the glass
and ceramic manufacturing industries. Al-
though some feldspar has been mined from
pegmatites in St. Lawrence County, there has
been no interest in these deposits for many
years because of the availability of quality
feldspar deposits closer to consuming areas in
other parts of the nation.

Many other mineral resources are found in
the Precambrian rocks of St. Lawrence Coun-
ty. Those which may have future development
prospects include beryllium, fluorspar, gar-
net, titanium, uranium, and vanadium. Al-
though the minerals have not been found in
sufficient concentration to warrant mining,
their occurrence and distribution suggests
that potentially commercial deposits may be
present.

5.3.2 Mineral Industry Projection

5.3.2.1 Production

Although the planning subarea has a vari-
ety of future mineral production prospects,
only minerals in current production were pro-
Jected. The projections are summarized in
Table 5-91. Zine, silver, and lead production
are expected to increase during the 1970s and
remain constant after 1980. Iron ore, sand and
gravel, and stone production are expected to
increase during the entire projection period.
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TABLE 5-92 Planning Subarea 5.3: Pro-
Jected Mineral Industry Water Use (millions of
gallons per day)

1968 1980

2000 2020
New Intake
May-October 2.2 3.1 4,1 6.2
Average for 365 days 2.0 2.6 3.4 5.0
Discharged
May-QOctober 0.9 1.3 1.7 2.9
Average for 365 days 0.7 0.9 1.1 1.8
Recirculated
May-October 10.7 13.2 17.9 24.8
Average for 365 days 10.6 13.0 17.7 24.4
Consumed
May~October 1.3 1.8 2.4 3.3
Average for 365 days 1.3 1.7 2.3 3.2
Total Water2
May-October 12.9 16.3 22.0 31.0
Average for 365 days 12.6 15.6 21.1  29.4

1Est1mated
Intake plus recirculated

5.3.2.2 Water

Water is used in the primary production of
iron ore, sand and gravel, crushed stone, and
zinc-lead. Sand and gravel and crushed stone
are produced seasonally, while iron ore and
zinc-lead mining is a year-round activity.
Water use patterns in 1968 and for the pro-
jected years are presented in Table 5-92 at
both the seasonal and average annual rate.

5.3.2.3 Land

Land requirements for mineral production
in Planning Subarea 5.3 are summarized by
commodity in Table 5-93. Acreage require-
ments for zinc-lead and, in part, for iron ore
production include non-mineral-bearing sur-
face lands for plant sites and rock and tailings
disposal areas. All other land must be
mineral-bearing.

5.3.3 Mineral Problems

No serious water or land problems have
been reported and none are foreseen for min-
eral producers in Planning Subarea 5.3.
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TABLE 5-93 Planning Subarea 5.3: Projected Mineral-Bearing Land Requirements! (acres)

1968 1968 1968

9 to 3 to 3 to 3

Commodity 1968 1980 1980 2000 2000 2020 2020

Iron ore 900 1,000 1,000 1,200 1,200 1,500 1,500
Sand and

gravel 10 18 186 30 664 50 1,462

Stone,

crushed 5 6 59 10 211 16 466

Zinc-lead 250 500 500 500 500 700 700

Total 1,165 1,524 1,745 1,740 2,575 2,266 4,128

1Includes non-mineral-bearing surface lands required for iron ore and

zinc-lead production
Estimated
Cumulative

5.3.4 Summary and Conclusions, Including
Alternatives

Sufficient reserves of iron ore, sand and
gravel, stone, tale, lead, and zine exist in the
area to support production activity during the
projection period.

Although water usage is relatively small, it
is essential for mineral production. To insure
that planning provides for adequate supplies,
periodic surveys of the water use patterns of
the mineral industry are recommended to
keep abreast of the intake and discharged
water use changes.



SUMMARY

Metals, nonmetals, and mineral fuels pro-
duced by the Great Lakes Region mineral in-
dustry were valued at $1,496,257,854 in 1968.
Current metal production includes copper,
iron ore, lead, silver, and zinc. During the 52-
year projection period, copper and silver pro-
duction will quadruple while iron ore, lead,
and zinc production will double. Continued
exploration and advances in mining technol-
ogy will undoubtedly result in the opening of
additional metal mines during the projection
period. Nonmetallic minerals for which pro-
jections were made include clays, shale, gyp-
sum, salt, sand and gravel, crushed stone, and
dimension stone. During the projection
period, salt production will increase to approx-
imately seven times the present level, sand
and gravel, crushed stone, and dimension
stone production will quadruple, clay and
shale production will triple, and gypsum pro-
duction will double. All other nonmetallic
minerals are expected to maintain or increase
their present production rates. Mineral fuel
production includes coal, natural gas, peat,
and petroleum. Peat production used for non-
fuel purposes will double during the projection
period, while coal production will cease by the
year 2000. Petroleum and natural gas produc-
tion will probably decline during the projec-
tion period unless additional discoveries are
made.

Water use patterns of the mineral industry
reflect both the increase in material being
processed and the projected increases in min-
eral production. Average annual new water
intake will increase to 1,494 mgd in 2020 from
the present rate of 727 mgd. Discharged water
will increase from the 1968 rate of 652 mgd to
1,181 mgdinthe year 2020. Recirculated water
use will reflect the progressive use of closed
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water systems, increasing from the present
level of 461 mgd to 1,900 mgd in 2020. Water
consumption is expected to increase to 313
mgd from the present rate of 75 mgd. Total
water use (intake plus recirculated) by the
mineral industry is projected at 3,394 mgd in
2020 as compared to 1,188 mgd at present. Al-
thoughincreased water requirements are pro-
Jected, there appear to be no serious water
supply problems facing the mineral industry.
However, the quality of water discharged by
the mineral industry may require upgrading
to meet future standards. Pollution of ground
and surface waters from abandoned wells,
tests, and mines will decrease during the pro-
Jection period as sources of pollution are lo-
cated and corrected.

The land requirements of the Great Lakes
Region mineral industry are expected to in-
crease from 65,441 acres in 1968 to 310,637
acres in 2020. Total cumulative acreage re-
quired for the 52-year period is 571,844 acres.
Although acreage requirements of the min-
eral industry are relatively small, they are
unique in that the land must contain mineral
materials that can be extracted economically.
As only a small amount of land in the Region
contains mineral materials and an even small-
er portion of this acreage contains workable
deposits, the problem of discovery and land
acquisition takes on critical proportions. At
present, restrictive zoning ordinances that
prohibit or severely restrict mineral extrac-
tion and the construction of roads and strue-
tures on mineral-bearing land remove valu-
able mineral deposits from the resource in-
ventory. Land use planning is thus vitally im-
portant to future mineral production as well
as planned reclamation and sequential land
use.



GLOSSARY

consumed water—water lost by evaporation, ternal sources for the first time.
as well as that lost in the product.
recirculated water—water used to conserve
discharged water—water (not recirculated or new water.
consumed) disposed to external sources.
total water—quantity of water used to produce
new water intake—water introduced from ex- finished product.

99



10.

11.

LIST OF REFERENCES

Aase, James H., Lightweight Aggre-
gates—FExpansion Properties of Selected
Michigan Shales, Bureau of Mines Re-
port of Inventory 7055, 1967,

Brown, George Granger, Clays and
Shales of Michigan, Lansing, Michigan,
Michigan Geological Survey Publication
36, Geological Series 30, 1926.

Bureau of Mines, “Metals, Minerals and
Fuels,” Minerals Yearbook 1968.

Bureau of Mines, “Area Reports: Domes-
tie,” v. 1-2, 1969. Minerals Yearbook 1968,
v. 3, 1970.

Bureau of Mines, Potential Sources of
Aluminum, Bureau of Mines Information
Circular 8335, 1967.

Carr, Martha 8. and Carl E. Dutton,
Iron-Ore Resources of the United States
Including Alaska and Puerto Rico, 1955,
U.S. Geological Survey Bulletin 1082-C,
1959.

Cole, W. A., G. F. Hanson and W. T.
Westbrook, Lightweight Aggregates: Ex-
pansion Properties of Clays, Shales and
Precambrian Rocks of Wisconsin, Bureau
of Mines Report of Inventory 5906, 1961.

Davis, J., J. Johnson, and M. Frimpter,
Mineral Resources of Central New York,
Central New York Planning Develop-
ment Board, 1971.

Drier, Roy W. and Octave J. DuTemple,
Prehistoric Copper Mining in the Lake
Superior Region (A Collection of Refer-
ence Articles), Drier and DuTemple, 1961.

Dyment, Robert, “Modern Salt Mining
Serves Diverse Industries,” Pit and
Quarry, v.55,No. 2,1962, pp. 104,109-110.

Federal Water Pollution Control Ad-

101

12.

18.

14.

15.

16.

17.

18.

19.

ministration, Analysis of Findings of
Taconite, Pelletizing Waste at Silver Bay,
Minnesota, Chicago, Illinois, 1968.

Fuller, Osborn J., “Source of Sharon Con-
glomerate of Northeastern Ohio,” Bulle-
tin of the Geological Society of America, v.
66, February 1944, pp. 1569-176.

Grout, Frank F., Robert Sharp, and
George M. Schwartz, The Geology of Cook
County, Minnesota, Minnesota Geologi-
cal Survey Bulletin 39, 1959.

Grout, Frank F., The Titaniferous Magne-
tites of Minnesota, St. Paul, Minnesota,
Office of the Commissioner of the Iron
Range Resources' and Rehabilitation,
1949-1950,

Hartnagel, C. A. and John G. Broughton,
The Mining and Quarry Industries of New
York State, 1937 to 1948, State Museum
Bulletin 343, Albany, N.Y., State
University of New York, May 1951.

Iron Range Planning Board, Regional
Development Plan for the Mesabi and
Vermilion Ranges, Minnesota, Aurora,
Minn., Range Municipalities and Civie
Association, May 1969.

Kreidler, William Lynn, Occurrence of
Silurian Salt in New York State, New
York State Museum Bulletin 361, Al-
bany, N.Y., State University of New
York, 1957.

Michigan Geological Survey, Michigan’s
0il and Guas Fields, Annual Statistical
Summary 10, Lansing, Mich., Michigan
Geological Survey, 1969.

Newland, David H., The Mineral Re-
sources of the State of New York, New
York State Museum Bulletin 223, 224, Al-
bany, N.Y., State University of New
York, 1921.



102

20.

21.

22,

23.

24.

25.

26.

Appendix 5

Ostrom, Meredith E., Paleozoic Strati-
graphis Nomenclature for Wisconsin, In-
formation Circular No. 8, Madison, Wis,,
The University of Wisconsin Geological
and Natural History Survey, May 1967.

Pepper, James F., “Areal Extent and
Thickness of the Salt Deposits of Ohio,”
The Ohio Journal of Science, Vol. 47, No. 6,
November 1947, pp. 225-239.

Prucha, John James, Pyrite Deposits of
St. Lawrence and Jefferson Counties, New
York, New York State Museum Bulletin
357, Albany, N.Y., State University of
New York, June 1957,

Rooney, Lawrence F. and Curtis H. Ault,
“Potential Limestone and Dolomite Re-
sources of Northern Indiana,” in Hoover,
Karl V., ed., Proceedings of the Fifth
Forum on Geology of Industrial Miner-
als, Bulletin M64, Harrisburg, Pa.,
Pennsylvania Geologic Survey, 1970.

Rooney, Lawrence F. and Jack A. Sun-
derman, Lightweight Aggregate Potential
of the New Albany Shale in Northwestern
Indiana, Geological Survey Report of
Progress 27, Bloomington, Ind., Indiana
Department of Conservation, 1964,

Rooney, L. F., “Gypsum Deposits in
Northern Indiana,” Transactions of the
Society of Mining Engineers, v. 232, Sep-
tember 1964, pp. 268-273.

Schwartz, G. M. and N. Prokopovich, Map
of Mineral Resources of Minnesota 1966,
Minnesota Geological Survey, Min-

27,

28.

29.

30.

31.

32.

33.

neapolis, Minn., University of Minnesota,
1966.

Sheridan, Eugene T. and Joseph A. De-
Carlo, Peat in the United States, Informa-
tion Circular 7799, Bureau of Mines, Sep-
tember 1957, pp. 7-9.

Smith, W. H,, Strippable Coal Reserves of
Illinois, Part 6—LaSalle, Livingston,
Grundy, Kankakee, Will, Putnam and
parts of Bureau and Marshall Counties,
Circular 419, Urbana, Ill., Illinois State
Geological Survey, 1968.

Sorensen, Harry 0., “Michigan’s Clay
Deposits and Industry,” in Kneller, W. A.,
ed., Proceeds of the Sixzth Forum on Geol-
ogy of Industrial Minerals, Miscellaneous
1, Lansing, Mich., Michigan Geological
Survey, 1970, pp. 143-155.

Sweeney, John W. and Howard P. Hamlin,
Lightwerght Aggregates: Expansion
Properties of Selected Illinois Shales and
Clays, Report of Inventory 6614, Bureau
of Mines, 1965. '

Tomikel, John C. and Vincent C. Shepps,
The Geography and Geology of Erie Coun-
ty, Pennsylvania, Information Circular
56, Harrisburg, Pa., Pennsylvania
Geological Survey, 1967.

Weita, John H., High Grade Dolomite De-
posits in the United States, Information
Circular 7226, Bureau of Mines, 1942,

Williams, Louis G., “Should some Benefi-
cial Uses of Public Waters be Illegal?’ Bio
Science, 18, 1968, pp. 37-38.



BIBLIOGRAPHY

Ahearn, Vincent P., Jr., Land Use Planning
and the Sand and Gravel Producer, Silver
Spring, Md., National Sand and Gravel As-
sociation, 1964.

Aldrich, H. R., The Geology of the Gogebic Iron
Range of Wisconsin, Bulletin 71, Economic
Series 24, Madison, Wis., Wisconsin Geological
and Natural History Survey, 1929.

Allen, R. C., Mineral Resources of Michigan,
Publication 8, Geological Series 6, Lansing,
Mich., Michigan Geological and Biological
Survey, 1912,

Alling, Harold, The Adirondack Graphite De-
posits, New York State Museum Bulletin 199,
Albany, N.Y., State University of New York,
July, 1917.

American Gas Association, American Pe-
troleum Institute, and Canadian Petroleum
Association, Reserves of Crude Oil, Natural
Gas Liquids, and Natural Gas in the United
States and Canada as of December 31, 1960, v.
23, May 1969.

American Institute of Mining, Metallurgical,
and Petroleum Engineers, Industrial Miner-
als and Rocks, 3rd edition, New York, N.Y.,
1960.

Anderson, Richard C. and Douglas A. Block,
Sand and Gravel Resources of McHenry Coun-
ty, Illinois, Circular 336, Urbana, I1l., Illinois
State Geological Survey, 1962.

Averitt, Paul, Louise R. Berryhill, and
Dorothy A. Taylor, Coal Resources of the
United States, Circular 293, Washington, D.C.,
U.S. Geological Survey, 1953, pp. 20, 25, 26, 30.

Bayley, R. W,, C. E. Dutton, and C. A. Lamey,
Geology of the Menominee Iron-Bearing Dis-
trict, Dickinson County, Michigan, and Flor-
ence and Marinette Counties, Wisconsin, Pro-
fessional Paper 513, Washington, D.C., U.S.
Geological Survey, 1966.

Benedict, D. Harry, Red Metal: The Calumet
and Heela Story. Ann Arbor, Michigan, Uni-
versity of Michigan Press, 1952.

Bishko, Donald, James R. Dunn, and William
A. Wallace, Planning for Non-Renewable
Common Mineral Resources in Urban-
Suburban Environments, Report prepared for
the Division of Mineral Economics, Bureau of
Mines, Troy, N.Y., Rensselaer Polytechnic In-
stitute, Oct. 18, 1969.

Bleimeister, W. C., “Rock Salt Mining Opera-
tions in Michigan, Ohio, and Ontario,” Mining
Engineering, v. 13, No. 5, May 1961, pp. 467-
471. * '

Block, Douglas A., Sand and Gravel Resources
of Kane County, Illinois, Survey Circular 299,
Urbana, Ill., [llinois State Geological Survey,
1960.

Buckley, Ernest Robertson, Building and Or-
namental Stones of Wisconsin, Bulletin No. 4,
Economics Series 2, Madison, Wis., Wisconsin
Geological and Natural History Survey, 1968.

Bureau of Mines, Mineral Facts and Problems,
Bulletin 630, Washington, D.C., 1965.

Burkhardt, H. A, “Chicago Area Quarry Gets
a New Look,” Pit and Quarry, v. 62, No. 2,
August 1969, pp. 104-107.

Buschbach, T. A., Cambrian and Ordovician
Strata of Northeastern Illinois, Survey Report
of Inventory 218, Urbana, Ill., Illinois State
Geological Survey, 1969.

Busch, W, L., Mineral Production in Illinois in
1968, Survey Circular 447, Urbana, Il1., Illinois
State Geological Survey, 1969.

Buttermore, Paul M., Water Use in the Pe-
troleum and Natural Gas Industries, Informa-
tion Circular 8284, Washington, D.C., Bureau
of Mines, 1966.

103



104 Appendix §

‘Currier, L. W., Geological Appraisal of
Dimension-Stone Deposits, Bulletin 1109,
Washington, D.C., Geological Survey, 1960.

Cushing, H. P. and D. H. Newland, Geology of

the Gouverneur Quadrangle, New York State
Museum Bulletin 259, Albany, N. Y., State
University of New York, May 1925.

Dachnowski, Alfred, Peat Deposits of Ohio,
Fourth Series, Bulletin 16, Columbus, Ohio,
Geological Survey of Ohio, 1912.

Dalbke, R. G. and A. J. Turk, “Water Pollution
Control Systems Emphasize Conservation by
Reuse,” Mining Engineer, v. 20, No. 5, May
1968, pp. 88-91.

Davis, Charles A., “Peat—Essays on Its Ori-
gin, Uses, and Distribution in Michigan,” Re-
port of the State Board of Geological Survey of
Michigan for Year 1906, Lansing, Michigan,
Geological Survey of Michigan, 1970, pp. 93—
396.

Davis, Charles A., The Uses of Peat for Fuel
and Other Purposes, Bulletin 16, Washington,
D.C., Bureau of Mines, 1911.

Ekblaw, George E. and J. E. Lamar, Sand and
Gravel Resowrces of Northeastern Illinots, Cir-
cular 359, Urbana, Ill., Illinois State Geologi-
cal Survey, 1964.

Ells, Garland D., Michigan’s Silurian Oil and
Gas Pools, Report of Inventory 2, Lansing,
Mich., Geological Survey Division, Michigan
Department of Conservation, 1967.

Farnsworth, Carolyn, About Ohio Rocks and
Minerals, Educational Leaflet Series No. 5,
Columbus, Ohio, Ohio Division of Geological
Survey, 1961.

Fergusson, William B. and Bruce A. Prather,
Salt Deposits in the Salina Group in Pennsyl-
vania, Bulletin M-58, Harrisburg, Pa.,
Pennsylvania Geological Survey, 1968.

Friz, Thomas O., Man and the Minerals of Con-
struction: How They Interrelate in the Seven
Counties of Southeastern Wisconsin, Ph.D.
Thesis, Madison, Wis., University of Wiscon-
sin, 1970.

Gambs, Gerard C. and George W. White, Ohto’s
Mineral Resources: III Salt Reserves, Station
Circular No. 49, Engineering Series, v. 15, No.

3, Columbus, Ohio, Ohio State University
Studies, September 1946.

Graham, Jack A., Mineral Resources of New
York State, New York State Museum Bulletin,
Albany, N. Y., State University of New York,
1952. (Map)

Hackett, James E., An Application of Geologic
Information to Land Use in the Chicago Met-
ropolitan Region, Environmental Notes No. 8,
Urbana, I1L, Illinois State Geological Survey,
January 1966.

Hackett, James E. and Murray R. McComas,
Geology for Planning in McHenry County, Cir-
cular 438, Urbana, Ill., Illinois State Geologi-
cal Survey, 1969.

Hale, David J., Marl (Bog Lime) and Its Appli-
cation to the Manufacture of Portland Cement,
v. 8, Pt. 3, Lansing, Mich., Geological Survey of
Michigan, 1903.

Heising, L. F. and D. W. Frommer, Lake
Superior Iron Resources, Preliminary Sam-
ples and Metallurgical Evaluation of Selected
Michigan-Wisconsin Iron Formations, Report
of Inventory 6895, Washington, D.C., Bureau
of Mines, 1967.

Henderson, J. R., Jr., and Isidore Zietz, In-
terpretation of an Aero-magnetic Survey of In-
diana, Professional Paper 316-B, Washington,
D.C., U.S. Geological Survey, 1958.

Hester, Norman C. and J. E. Lamar, Peat and
Humus in Illinois, Mineral Notes 37, Urbana
IIl, Illinois State Geological Survey, June
1969.

Hockings, W. A., D. H. Rose, and A. K. Snel-
grove, “Technological Aspects of Manganese
Nodules in Lake Michigan,” Skillings’ Mining
Review, v. 58, No. 43, October 25, 1969, pp. 8-9.

Hogberg, R. K., Industrial Minerals in Min-
nesota, Reprint Series 12, Minneapolis, Minn.,
Minnesota Geological Survey, September
1968.

" Hore, R. E., Michigan Copper Deposits, Publi-

cation 19, Geological Series 16, Lansing, Mich.,
Michigan Geological and Biological Survey,
1915, pp. 19-200.

Hotchkiss, W. O. and E. F. Bean, Mineral
Lands of Part of Northern Wisconsin, Bulletin



46, Economic Series 21, Madison, Wis., Wiscon-
sin Geological and Natural History Survey,
1929.

Huels, Frederick William, The Peat Resources
of Wisconsin, Bulletin 45, Economic Series 20,
Madison, Wis., Wisconsin Geological and
Natural History Survey, 1915.

Illinois State Geological Survey, June, 1968,
Geologic Factors in Community Development
at Naperville, Illinois, Environmental Geol-
ogy Notes No. 22, Urbana, Ill.

James, Harold L., Stratigraphy of Pre-
Keweenawan Rocks in Parts of Northern
Michigan, Professional Paper 314-C,
Washington, D.C., U.S. Geological Survey,
1959.

Kaufman, Alvin and Mildred Nadler, Water
Use in the Mineral Industry, Information Cir-
cular 8285, Washington, D.C., Bureau of
Mines, 1966.

Kelley, Dana R., and William G. McGlade,
Medina and Oriskany Production Along the
Shore of Lake Evrie, Pierce Field, Erie County,
Pennsylvania, Bulletin M60, Harrisburg, Pa.,
Pennsylvania Geological Survey, 1969.

Keroher, Grace C., Lexicon of Geologic Names
of the United States for 1936-1960, 3 volumes,
Bulletin 1200, Washington, D.C., U.S. Geologi-
cal Survey, 1966.

Knetsch,Jack L., Robert H. Haveman, Charles
W. Howe, John V. Krutilla, and Michael F.
Brewer, Federal Natural Resources
Development—Basic Issues in Benefit and
Cost Measurement, Washington, D.C., Natural
Resources Policy Center, George Washington
University, May 1969, pp. 1-12.

Ladoo, Raymond B., Talec and Soapstone:
Their Mining, Milling, Products and Uses, Bul-
letin 213, Washington, D.C., Bureau of Mines,
1923, pp. 100-103.

Lake Superior Iron Ore Association, Lake
Superior Iron Ores, Cleveland, Ohio, 1938.

Lake Superior Iron Ore Association, Lake
Superior Iron Ores, 2nd Edition, Cleveland,
Ohio, 1952,

Major, Robert L., Mineral Resources and Min-
eral Industries of the Northeastern Illinois Re-

Bibliography 105

gion, Mineral Economic Brief 22, Urbana, Ill.,
INlinois State Geological Survey, June 1958.

McCaslin, John C., “Exploration-Drilling:
Michigan Operators have High Hopes for Play
in Northern Part of State,” The Oil and Gas
Journal, v. 67, No. 40., October 6, 1969, pp. 169,
173, 176.

Michigan Geological Survey, Our Rock Riches,
Bulletin 1, Lansing, Mich., 1964.

Miller, Jesse A., Titanium, A Materials Sur-
vey, Information Circular 7791, Washington,
D.C,, Bureau of Mines, 1957, pp. 24, 28, 36, 38.

Minnesota Geological Survey, The Proposed
Voyageurs National Park—Its Geological and
Mineral Potential, Minneapolis, Minn., 1969.

Morey, G. B., The Geology of the Middle Pre-
cambrian Rove Formation in Northeastern
Minnesota, SP-7, Minneapolis, Minn., Min-
nesota Geological Survey, 1969.

Newland, D. H., The Gypsum Resources and
Gypsum Industry of New York, Bulletin 283,
New York State Museum, Albany, N.Y., State
University of New York, November 1929.

New York State Museum, The Quarry Materials
of New York—Granite, Gneiss, Trap and Mar-
ble, Bulletin 181, Albany, N.Y., State Univer-
sity of New York, January 1916.

Ohio Department of Industrial Relations, An-
nual Coal and Non-Metallic Mineral Report,
Columbus, Ohio, 1952.

Obhio Division of Geological Survey, A Century
and a Half of Ohto’s Minerals, Information
Circular No. 24, Columbus, Ohio, 1959.

Ohio Water Commission, Department of
Natural Resources, The Northwest Ohio Water
Development Plan, Columbus, Ohio, January
1967.

Peattie, Roderic, Geography of Ohio, Fourth
Series, Bulletin 27, Columbus, Ohio, Geology of
Ohio, 1923.

Poindexter, O. F., H. M. Martin and S. G.
Bergquist, Rocks and Minerals of Michigan,
Bulletin 2, Lansing, Mich., Michigan Geologi-
cal Survey, 1965.

Ries, Heinrich, The Clays of Wisconsin and



106 Appendix 5

Their Uses, Bulletin No. 15, Economic Series
10, Madison, Wis., Wisconsin Geological and
Natural History Survey, 1906.

Risser, H. E. and R. L. Major, Urban
Ezxpansion—An Opportunity and a Challenge
to Industrial Mineral Producers, Environ-
mental Geology Notes No. 16, Urbana, Il I1-
linois State Geological Survey, September
1967.

Schreck, Albert E. and Joseph C. Arundale,
Strontium, A Materials Survey, Information
Circular 7933, Washington, D.C., Bureau of
Mines, 1959, pp. 12-14, 17-18.

Segall, R. Thomas, Michigan Mineral Produc-
ers, 1968, Annual Directory 3, Lansing, Mich.,
Michigan Department of Natural Resources,
Geological Survey, 1969.

Shepps, Vincent C., Glacial Geology of North-
western Pennsylvania, Bulletin 632, Harris-
burg, Pa., Pennsylvania Geological Survey,
1959. (Map)

Sims, P. K. and G. B. Morey, Geologic Sketch of
the Tower-Soudan State Park, Education
Series 3, Minneapolis, Minn., Minnesota
Geological Survey, 1966.

Smith, R. A., Limestones of Michigan, Publica-
tion 21, Geological Series 17, Lansing, Mich.,
1916.

Smith, W. Calhoun, Geology and Engineering
Characteristics of Some Surface Materials in
McHenry County, Illinois, Environmental
Geology Notes No. 19, Urbana, Ill., Iilinois
State Geological Survey, January 1968.

Spaulding, Willard M,, Jr., and Ronald D. Og-
den, Effects of Surface Mining on the Fish and
Wildlife Resources of the United States, Re-
source Publication 68, Washington, D.C,,
Bureau of Sport Fisheries and Wildlife, Au-
gust 28, 1968.

Thrush, Paul W., A Dictionary of Mining, Min-
eral, and Related Terms, Washington, D.C,,
Bureau of Mines, 1968.

Trainer, David W., Jr., Molding Sands of Wis-
consin, Bulletin No. 69, Economic Series 23,
Madison, Wis.,, Wisconsin Geological and
Natural History Survey, 1928.

Wright, Alfred J., Economic Geography of
Ohio, Bulletin 50, Columbus, Ohio, Ohio Divi-
ston of Geological Survey, 1953.



SUPPLEMENTARY TABLES

TABLE 5-94 Great Lakes Region: Mineral Production, 1960 and 1968?

1960 1968
Commodity
Quantity Value Quantity Value

Cement:

Portland..... .+376-pound barrels.. 43,720,899 $150,215,455 45,729,4631 $145,974,738

Masonry...... ..280-pound barrels.. 2,386,589 7,033,929 2,483,654 6,985,513
Clay and shale...,.s. crrenas vievwassssshort toas.. 4,073,668 4,859,638 4,139,014 5,327,612
Coal, bituminous..ssessees csvae PR L T 452,904 W 593,543 W
Copper (recoverable content of ores, €tC€.).eeueiecenunnnas [P £ PR 56,385 36,199,170 74,805 62,607,296
Iron ore (USAble).esesessveronsassenressss lOng tons, gross weight.. 54,584,173 486,480,576 56,635,595 597,232,792
Lead (recoverable content of ores, €tCi)evcessssesansiosshort tons.. 775 181,350 1,39 368,879
Lime.sceresonesens D Y. I P 5,752,584 78,750,017 7,764,542 98,553,213
Magnesium cOMPOUNdS.eeserasaseenssesssssshore tons, MgO equivalent.. w ) 266,406 25,087,136
Manganiferous ore (5 to 35 percent Mn)....short tons, gross weight.. 180,460 L e S—
Natural gaSsssssesvsscccrssvesasssarsoonsscssss.million cubic feet.. 20,790 4,449,000 40,480 10,160,000
Natural-gas liquids: )

Natural gasoline..cecseiseesceseessasathousand 42-gallon barrels.. W W 1,066 3,177,000

LP gaseS.ccncensss W W 1,386 3,632,000
Peatieensnes vsesrersersesShort tons., / 238,038 3,093,356 260,509 3,322,260
Petroleumesessvas eerssh2-gallon barrels.. z 15,899,000 /66 266,000 12,974,404 38,286,742
Sand and gravel 2, e seesresunestsustravensans short tons.. 101,060,482 89,494,826 129,121,000 124,424,000
Silver (recoverable conteat of ores, €tC,)«... + o EXOY Ounces.. 49,32, 44,641 500,428 1,073,218
Stone (crushed and hroken)....-......-....-- soshort tons.. 91,859,610 119,884,341 110,557,798 154,170,674
Stone (dimensfion)..eceeerversssveesssnns cras vessessedOiaae 193,742 4,283,746 142,007 4,323,495
Zinc (recoverable contént of ores, [ 279 FOM cveeerenesdOiese 66,364 17,121,912 66,194 17,872,380
Value of items that cannot be disclosed: bromine, calcium compounds,

gem stones, grindstones, gypsum, ilodine (1958), iron oxide

pigments (1960), potash, sale, talc, and items indicated by

sYmbol Weeorunerrvnorererroeransonerane teeeesraenns tersrecssesanne KXXXK 141,923,440 KXRAK 193,878,906

Total Great Lakes RegiOf. ..eeessesssssasansensesesnoarscansossns XXX 11,190, 281, 397 XXXKX [$1,496,257,854

W Withheld to avold dtscloéing individual company confidential data; included with "Value of items that camnot be disclosed,"
1/ Excludes petroleum, natural gas, and natural-gas liquids data for New York and Ohio, which are not available.
2/ Includes some data which could not be assigned to specific Plan Area.
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TABLE 5-95 Plan Area 1.0: Mineral Production, 1960 and 1968

i 1960 1968
Commodity
Quantity Value Quantity Value
Cement:
Portland.sc.ececcassessassness376-pound barrels., W W %) W
Masonry..eceeseseescnacesess.280-pound barrels., W W W W
Clay. u.onvecnssnnssasnuenronsnnnasnss short toms.. 20 $80 50 $100
Copper (recoverable content of ores, etc.)..do.... 56,385 36,199,170 74,805 62,607,296
Iron ore (usable).,....... long tons, gross weight.. | 49,012,843 1 431,754,717 | 51,999,538 545,432,335
Lime.. ... voeteseernereaseesnnaessassssshort tons.. W W W W
Peat.cv.ieeesacenssencsnstossansnanesenssessdoin., W W W W
Sand and gravel........cccvvnunn Ceietesenann do... 5,290,046 3,726,638 7,719,000 5,105,000
Silver (recoverable content of ores, etc.)
troy ounces..| = -~-—-| = —o--- 472,813 1,013,995
S5tone (crushed and broken)............short tonms.. W W 1Y %}
Stone (dimension)......... Ceeaaan PR s TN W W 188 W
Value of items that cannot be disclosed..... P, XXXXX 12,057,745 XXXXX 10,572,848
Total Plan ATea L.0.. s uuueenvevrnoeoncnacsnons XXXXX {$483,738,350 XXXXX | $624,731,574
W Withheld to avoid disclosing individual company confidential data; included with "Value of
items that cammot be disclosed."
TABLE 5-96 Plan Area 2.0: Mineral Production, 1960 and 1968!
1960 1968
Commodity
Quantity Value Quantity Value
Bromine....cceieensncannnss teesasaaan «ess..pounds.. 9,758,184 | $2,531,737 { 9,146,530 $2,145,885
Calcium compounds.,..ccovvenrecnnnnn. ..short tons., W W W W
Cement?
Portland.ecevevvevsvencesraessld76-pound barrels., | 13,501,865 46,432,561 | 11,510,238 37,645,031
MasSOnNTY.seeessessossnsnsseaaa.280-pound barrels.. %) W 299,157 864,272
Clay and shale......ee0ecevveeanes.ees.s.short tons.. W W 833,957 1,175,873
GYPSUM, s svevronuvorsnconsevssscsnsssssvsanensdOcsas W W W W
Coal, bituminouS...eeceecesesecocessssonseeeeddOui,,, 368,573 W 593,543 W
Iron ore (usable).........long tons, gross weight..| 4,034,824 W | 3,448,688 W
Lime. i vianeenssosansancasenesesassss.Short tons,, 916,464 | 14,228,604 W W
Magnesium compounds....short tons, MgO equivalent.. 64,808 6,464,113 219,455 19,975,716
Manganiferous ore (5 to 35 percent Mn)
short tons, gross weight.. 180,460 W wmee | eeeas
Peatisiiiscsesctinnssstesstonsnssnssess short tons,, 23,083 237,498 W W
Petroleumisssssacassnscssess.osslt2=gallon barrels.. ) 11,167,113 32,496,193 | 9,635,735 28,434,516
Salt.uiiiiesusestssronsscasessessassss.ShOrt tons,, W W W W
Sand and gravel.........cvovviivnnaienansvedo.,,. | 53,110,376 42,987,000 | 64,240,000 56,814,000
Stone (crushed and broken)....cevsueesesesssedo.... | 30,845,249 41,409,993 39,810,806 56,521,824
Stone (dimension)..seeeeccesserrnsersrssssssadosiee 118,972 1,665,394 85,771 1,753,504
Value of items that cannot be disclosed........c.00 XXXXX 48,966,331 XXX 80,659,920
Total Plan Area 2.0t vinsivenrssonssanassans XXXXX [$237,419,424 XXXXX| $285,990,541

W Withheld to avoid disclosing individual company confidential data; included with "Value of

items that cannot be disclosed."”

1/ Excludes data for natural gas and natural-gas liquids, which are not available.
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TABLE 5-97 Plan Area 3.0: Mineral Production, 1960 and 1968!

1960 1968
Commodity
Quantity Value Quantity Value

Bromine. s iveesencocrrresscareccssessesssspounds.. W W W W
Calcium compoundS...esvsveeseisssoesss.short tons.. W W W W

Cement:
Portland..... eraen Vesene «++.376-pound barrels.. W 1) W W
Masonry..eeonveseess eeeeneas 280-pound barrels.. W 1Y 1Y) W
Clay and shale..........cevvvvnsee....short tons.. W W W W
GYPSUI, v 4 vasvsasesavosonsnnssatssssasssonsassssl0sees W W W W
Iodine.,...ceevueuns seseseenaen teeescsasspounds.. | cee-e |l soeen W W
Lime..... e e et ...short tons.. W w W W
Magnesium compounds...short tons, Mg0 equivalent.. W W 46,951 $5,111,420
PEAl.vcsiroevasacsssssnsacensscssnasssShort tons.. W W W W
Petroleum...eveasesvssnseasesssb2-gallon barrels.. 4,015,387 $11,684,737 | 2,713,028 8,005,995
Potash. .. ieeeeinreninnncnnnnrsronns ...short tons.. W W W W
T 1 MY« ¢ J %) 1% W W
Sand and gravel,.c.i.eevvereciericencencsssaedoase. 8,214,190 5,917,533 8,613,000 7,569,000
Stone (crushed and broken)....seseesencsoseedoseas W W 22,003,197 20,852,687
Stone (dimension)............ P Y To JU W w W W
Value of items that cannot be disclosed........... XXXXX 100,448 ,858 XXXXX 113,111,396
Total Plan Area 3.0.c.cciesrvecnvesersecoonnnas XXXXX | $118,051,128 XXXXX! $154,650,498

W Withheld to avoid disclosing individual company confidential data; included with "Value of

items that cannot be disclosed.”

1/ Excludes data for natural gas and natural-gas liquids, which are not available.

TABLE 5-98 Plan Area 4.0: Mineral Production, 1960 and 19681
1960 1968
Commodity
Quantity Value Quantity Value
Calcium compoundS..c.cvesosecaseseosssSHOTE tong.. | = =;eea | = waeeo W W
Cement:
Portland......vcevesoevasana0.376-pound barrels..| 16,456,800 { $56,550,363|17,567,820] $55,227,575
MasSONTY.seesosvscnsscassscsss280=pound barrels.. 882,387 2,541,640 W W
Clay and shal€s.ceecsscereacsacssasons.Short tons.. 2,057,041 2,381,775| 2,185,126 2,959,363
Coal, bituminOuUS,esseseoesocecccsoosssonosssldOusoe 84,331 318,328 = eceme| eeee-
Grindstones...ccceescecaccoscocsosrsasvocosssslOusan W W W W
GYPSUMe o o s osovo00osvcoasosacoocaosssssoscaaselOeacs 758,381 3,858,144 666,561 3,215,345
LimeseossessonosoaoacsosoonsasassrsosssssassslOssaol| 3,935,249 55,842,885 1 W
PBALossscsosoaccsscesosaconcacscosssassossseldDasns 147,027 2,147,965 108,598 1,205,575
PELTOLeUn. .\ vsenrnnensnnnanens .42-gallon barrels..| 2/482,500 | 2/1,404,070| 2/625,641| 2/1,846,231
Salt.seuoeroocsososssssossscascsssoosesShOTt tons.. W W W w
Sand and gravel...ocveseeccsecssssascoensessdOeess| 26,346,284 28,433,479 Y W
Stone (crushed and broken)sse.vssvseonasesss d0.00s| 31,476,202 45,855,504 W W
Stone (dimension)eesssscosscascsssnssssacsssd0asas W W W W
Value of items that cannot be disclosed.....cccess XXXXX 43,545,590 XXXXX 233,148,336
Total Plan Area 4.0cececsosuscoosscosossaans XXXXX |$242,879,743 XXXXX| $297,602,425

‘W Withheld to avoid disclosing individual company confidential data; included with '"Value of

items that cannot be disclosed."” :

1/ Excludes petroleum data for New York and Ohio, and natural gas and natural-gas liquids

data, which are not available.

2/ Excludes petroleum data for New York and Ohio, which are not available.
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TABLE 5-99 Plan Area 5.0:

Mineral Production, 1960 and 1968!

1960 1968
Commodity
Quantity Value Quantity Value
Cement:

Portland...... eesesassnsss.ss37b-pound barrels.. W w W ")
Masonry.....ceceveeeeeess....280-pound barrels. W W W w
Clay and shale..eececiieveensassseasaashort tons.. W W W W
GYPSUM. s sessnsosncasrssessooncassssnssascsoredOacas W W W W
Iron ore (usable)........long tons, gross weight.. 1,536,506 w} 1,187,369 W
Iron oxide pigmentS......sec00es..0...8hort tons.. W Wl  emeee eeeaa
Lead (recoverable content of ores, etec.)....do.... 775 $181, 350 1,396 $368,879
LiMe.cueooerososssoacrosconssonsasonvsssssssdOecas W W W W
0 AP « [+ TR W W W W
S8l eissiivsonnsncnsonsonsosescsaseasassnsaldo... .| 4,007,960 30,763,284| 5,217,566 42,487,852
Sand and gravel.........cev0cvvennevennne...do.... | 6,981,786 7,462,496 W W

Silver (recoverable content of ores, etc.)
troy ounces,, 49,324 44,641 27,615 59,223
Stone (crushed and broken)............short tons.. | 7,861,735| 12,496,464 10,452,335! 18,093,085
Stone (dimension).........ce.evevveneeaas.,.do..., W W W W
TalCuiouaeenorsosneosesessscacstseroasessenssdOucs. W W W W
Zinc (recoverable content of ores, etc.)....do.... 66,364 | 17,121,912 66,194 17,872,380
Value of items that cannot be disclosed........... XXXXX | 33,472,675 XXXXX{ 37,516,397
Total Plan Ared 5.0.eeeeeserrececcccecvsacsnnas XXXXX [$101,542,822 XXXXX|$116,397,816

W WwWithheld to avoid disclosing individual company confidential data; included with 'value of

items that cannot be disclosed."
1/ Excludes data for petroleum, natural gas,

and natural-gas liquids, which are not available.
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TABLE 5-100 Crushed Stone Production in the Great Lakes Region in 1960 and 1968 by Planning
Subarea, Plan Area, and State (in short tons)

1960 ' 1968
Quantity Value Quantity Value

Subarea:
Subarea l.l..cceeeee W W 55,000 W
Subarea l.2.c0c000e W 1% W W
Subarea 2. 1......... 2,249,925} $3,706,502] 3,388,900 $6,343,193
Subarea 2.2...00000 20,389,480} 27,506,830| 26,766,352 37,525,732
Subarea 2.3...000.0. 500,863 586,838 333,381 494,631
Subarea 2.4.eevecces 7,704,981 '9,609,823] 9,322,173 12,158,268
Subarea 3.l.vevecces 19,090,014 | 16,445,472| 21,566,352 20,219,460
Subarea 3.2ccecscces W W 436,845 633,227
Subarea 4.l.ieeecces 1,387,830 1,728,491 W W
Subarea 4.2..e00eves 19,911,337 26,752,975/ 27,511,165 39,988,156
Subarea 4.3ciesacsns 1,707,816 5,753,430 1,682,084 5,098,660
Subarea 4.4..c000.0. 8,469,219 | 11,620,608] 3,396,687 6,076,760
Subarea 5.1l....... .o 1,913,739 3,200,491 2,769,945 5,288,922
Subarea 5. 2......... 5,165,853 7,386,840 6,914,382 10,968,092
Subarea 5.3.¢c00000s 782,143 1,909,133 768,008 1,836,071
Plan Area:
Plan Area 1.0..ceeeee W W W W
Plan Area 2.0¢ecceee 30,845,249 41,409,993] 39,810,806 56,521,824
Plan Area 3.0s40vvee W Wi 22,003,197 20,852,687
Plan Area 4.0ccecans 31,476,202} 45,855,504 W W
Plan Area 5.0cievse. 7,861,735 12,496,464 10,452,335 18,093,085
State:
I11linois.eeeveceeeas 17,397,410 23,911,040 23,899, 368 33,492,582
Indiandeeeecsecasees 1,094,168 1,625,631 1,838,856 %)
Michiganesessecocacs 31,237,769 32,117,581 37,274,803 41,026,207
Minnesot8eeceesosnes 10,009 12,652 55,000 W
New YorKesosrsoeeosns 16,330,954 24,117,072{13,849,022 24,169,845
18]+ X S 20,556,370} 30,902,368{27,389,321 42,391,702
Pennsylvania,.ceeeeee | = =m=e=]  cemeal meeae|l eeeao
Wisconsin..ceeeeeooes 5,232,930 7,197,997 6,251,428 10,257,663

Total Great Lakes -91,859,610($119,884,3417110,557,798 | $154,170,674

W Withheld to avoid disclosing individual
data; included with '"Value of items that cannot

company confidential

be disclosed.”
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TABLE 5-101 Sand and Gravel Production inthe Great Lakes Regionin 1960 and 1968 by Planning

Subarea, Plan Area, and State (in short tons)

1960 1968
Quantity Value Quantity Value

Subarea:
Subarea l.1l......... 3,271,472 | $2,159,172 5,754,000 $3,687,000
Subarea 1.2......... 2,018,574 1,567,466 1,965,000 1,418,000
Subarea 2.1l......... 7,320,368 5,455,467 8,423,000 6,210,000
Subarea 2.2......... 23,654,007 19,519,664 30,683,000 27,206,000
Subarea 2.3......... 17,133,624 13,759,118 19,692,000 18,442,000
Subarea 2.4......... 5,002,377 4,252,751 5,442,000 4,956,000
Subarea 3.1......... 2,443,467 1,650,384 3,049,000 2,326,000
Subarea 3.2......... 5,770,723 4,267,149 5,564,000 5,243,000
Subarea 4.1... . 14,635,686 14,269,175 23,029,000 24,626,000
Subarea 4.2......... 2,539,845 2,396,960 3,838,000 4,074,000
Subarea 4.3...¢0.0. 6,554,658 8,197,001 W W
Subarea 4.4.... ... 2,616,095 3,570,343 5,791,000 7,611,000
Subarea 5.l.......4, 2,419,258 2,492,280 3,053,000 3,770,000
Subarea 5.2.... . 3,079,510 3,352,208 4,333,000 4,490,000
Subarea 5.3......... 1,483,018 1,618,008 W W
Plan Area:
Plan Area 1.0....... 5,290,046 3,726,638 7,719,000 5,105,000
Plan Area 2.0....... 53,110,376 | 42,987,000 | 64,240,000 56,814,000
Plan Area 3.0..... 8,214,190 5,917,533 8,613,000 7,569,000
Plan Area 4.0..0.0... 26,346,284 28,433,479 W 1%
Plan Area 5.0....... 6,981,786 7,462,496 W W
State:
Il1linoiseies.. ceceas 13,373,358 11,638,357 18,073,000 17,040,000
Indiand.e.eececasaas 4,395,195 3,929,053 6,143,000 6,125,000
Michigan Yoot 46,910,195 39,304,400 56,663,000 54,979,000
Minnesota..eseeocese 3,006,398 1,997,829 3,422,000 2,381,000
New York.......evc.. W 1) 1} W
Ohio..ecoeveenenenans 7,821,730 9,638,495 W W
Pennsylvania........ W 1Y) W W
Wisconsin..e... ceaes 15,955,725 11,953,853 21,045,000 15,145,000

Total Great Lékesi/ 101,060,482 |$89,494,826 129,121,000 | $124,424,000

W Withheld to avoid disclosing individual company confidential
data; included with "Value of items that cannot be disclosed."
1/ Includes some data which could not be assigned to specific

Plan Areas.



Supplementary Tables 113

TABLE 5-102 Clay Production in the Great Lakes Region in 1960 and 1968 by Planning Subarea,
Plan Area, and State (in short tons)

1960 1968
Quantity Value Quantity Value

Subarea:
Subarea lolevococaos 20 $80 50 $100
Subarea l.2.ccv00000 | mem=e={  —e-ac}] e | e
Subarea 2.1l..... esen 132,508 137,218 6,130 11,034
Subarea 2.2........ 697,973 1,068,520 410,023 645,990
Subarea 2.3cceccccas 111,806 167,709 95,020 142,530
Subarea 2.4..0000000 W W 322,784 376,319
Subarea 3.lcceceossce W W W W
Subarea 3.2cc00s0000 W W W W
Subarea 4.l......... 644,306 707,806 1,144,639 1,272,077
Subarea 4.2...004.. 383,470 495,555 356,155 433,117
Subarea 4.3.. 000000 684,933 826,932 485,519 1,063,004
Subarea bG.beieecnnos 344,332 351,482 198,813 191,165
Subarea 5.livcesases | 0 a-em-|  —-e-ol mmeee | eemen
Subarea 5:2.cc005500 W W W W
Subarea 5.3...cc0000 | esem=|] mmamal heeee ] e
Plan Area:
Plan Area 1.0....... 20 80 50 100
Plan Area 2.0.ve000s W W 833,957 1,175,873
Plan Area 3.0....... 1) W W W
Plan Area 4.0....... 2,057,041 2,381,775 2,185,126 2,959,363
Plan Area 5.0...... W W W W
State:
I11linoiScccacessssso 607,203 886,130 287,979 401,902
Indiana...cesececaas W W W W
Michigan.......cou-. 1,737,588 1,904,389 2,599,351 2,905,880
Minnesota.....eeeees 20 80 50 100
New York...oeoeaoe oo W W W W
OhiO..eessecoecsccas 1,024,616 1,234,913 802,527 1,417,827
Pennsylvaniasesoooes |  -----| = —----f -} -
Wisconsin..... cevnos 133,358 139,768 8,930 16,634

Total Great Lakes 4,073,668 $4,859,638 4,139,014 | $5,327,612

W Withheld to avoid disclosing individual company confidential
data; included with "Value of items that cannot be disclosed."
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TABLE 5-103 Great Lakes Region: Projected Mineral Production by Selected Commodities
(thousands of short tons, unless otherwise noted)

Commodity 19682/ | 1980 | 2000 | 2020 1283057
Clays and shale..... 4,139 5,070 7,876 12,856 390,987
COalieereresansanens 594 260 0 0 6,400
COPPET et everneennans 75 100 180 330 8,920
GYPSUM. . cevvosncsase 1Y) 2,210 2,990 4,070 147,140
Iron ore 3/......... 56,636 | 65,550 90,490 124,740 4,431,200
Lead.eeseinsoesanans 1 2 2 2 101
Peat..... Ceeeeieeans 261 289 367 471 18,150
Saltieerarenosnsonns W | 23,140] 49,330 104,620| 2,491,840
Sand and gravel.....| 128,947 | 171,160] 295,730 | 512,430 14,517,260
Silver®/....civenen. 500 682 1,202| 2,132 59,140
Stone, crushed3/....] 110,558 | 143,464) 247,951 | 427,179| 12,119,088
Stone, dimension®’ .. 142 195 310 595 15,126
ZiNCavennrennnns e 66 95 95 95 4,766

1/ Actual.

2/ Cumulative.

3/ Thousands of long tons.

4/ Thousands of troy ounces.

5/ Includes limestone, basalt, marl, sandstone, and marble.

6/ Includes limestone, sandstone, and granite.

W Withheld to avoid disclosing individual company confidential
data.

TABLE 5-104 Plan Areal.0: Projected Mineral Production by Selected Commodities (thousands
of short tons, unless otherwise noted)

Commodity 19681/ | 1980 2000 2020 1568 5
Coppef...7 ......... 75 100 180 330 8,920
Iron ored/......... 52,000 | 61,600 | 84,700 | 116,400 | 4,149,600
Peat.cccacesaneacnan - W 12 15 20 752
Sand and gravel.... 7,719 9,020 | 14,020 | 21,960 686,320
Silver®/ . veueieenes 473 640 1,160 2,090 57,040
Stone, crushedd/... W 2,908 5,006 4,989 187,418

1/ Actual.

2/ Cumulative.

3/ Thousands of long tons.

4/ Thousands of troy ounces.

5/ Includes limestone and basalt.

W Withheld to avoid disclosing individual company confidential
data.
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TABLE 5-105 Plan Area2.0: Projected Mineral Production by Selected Commodities (thousands
of short tons, unless otherwise noted)

Commodi ty 1968/ | 1980 | 2000 | 2020 iy
Clay and shale..... 834 840 966 1,606 53,707
coal....3 cesaseres 594 260 0 0 6,400
Iron ore2’ .vuvunn.. 3,449 2,500 | 3,800 5,600 184,000
Peateveseseresnnnes 1) 19 21 27 1,108
Salt........ ceeeaee W 900 | 2,000 4,000 98,000
Sand and gravel....| 64,240 | 89,600 | 157,700 | 278,100| 7,750,800
Stone, crushed®/,..| 39,811 | 49,806 | 91,695 | 169,490 4,533,170
Stone, dimension2/. 86 122 197 422 9,646

1/ Actual.

2/ Cumulative,

3/ Thousands of long tons.

4/ Includes limestone, basalt, and marl.

5/ Includes limestone, sandstone, and granite.

W Withheld to avoid disclosing individual company confidential
data.

TABLE 5-106 Plan Area3.0: Projected Mineral Production by Selected Commodities (thousands
of short tons)

Commodity 19681/ | 1980 | 2000 | 2020 | 138859
CYPSUTL e nenenananes w | 1,400 | 1,900 | 2,600 93,600
PAL. turuarenenanas W 120 150 200 7,520
Sale.errenenenennn. Wo| 1,250 | 2,640 | 5,560 | 133,200
Sand and gravel.....| 8,613 | 11,310 | 18,850 |31,530 | 923,060
Stone, crushedd/....| 22,003 | 29,210 | 48,720 |81,710 | 2,387,560
Stone, dimension3/.. 1Y 2 2 2 78

1/ Actual,

2/ Cumulative.

3/ Limestone,

W Withheld to avoid disclosing individual company confidential
data.
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TABLE 5-107 Plan Area4.0: Projected Mineral Production by Selected Commodities (thousands
of short tons)

Commodity 19681/ | 1980 2000 2020 105
Clays and shale..... 2,185 2,730 4,390 7,020 213,980
GYpPSUM. ceurverennnnn 667 810 1,090 1,470 53,540
PeAt.uenrerereeeennn 109 138 181 224 8,770
CI) R W [ 12,700 | 27,200 | 58,200 | 1,357,800
Sand and gravel..... W | 49,940 | 86,290 (149,340 | 4,234,240
Stone, crushed3/.... W | 47,590 | 79,220 (132,030 | 3,870,440
Stone, dimension3/.. W 68 108 168 5,246

1/ Actual.

2/ Cumulative.

3/ Includes limestone and sandstone.

W Withheld to avoid disclosing individual company confidential
data.

TABLE 5-108 Plan Area5.0: Projected Mineral Production by Selected Commodities (thousands

of short tons, unless otherwise noted)

Commodity 19681/ | 1980 2000 2020 lgggoﬁ
Clays and shale..... W 100 160 260 7,850
Iron ore3/..........| 1,187 | 1,450 [ 1,990 | 2,740 97,600
Lead....evens N 1 2 2 2 101
Salt.ieieeroreeans . 5,218 8,290 17,490 36,860 882,840
Sand and gravel..... W 11,290 18,870 31,500 922,840
Silver®/.......... . 28 42 42 42 2,100
Stone, crushedd/. ... 10,452 13,950 23,310 38,960 1,140,500
Stone, dimension®/ .. W 3 3 3 156
ZinCiveennvevosnases 66 95 95 95 4,766

1/ Actual.

2/ Cumulative.

3/ Thousands of long tons.

4/ Thousands of troy ounces.

5/ Includes limestone and marl.

6/ Includes limestone and sandstone.

W Withheld to avoid disclosing individual company confidential
data.
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TABLE 5-109 Great Lakes Region: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

1/ Average for
Seasonal Peak 365 days
New Intake
StreamsS.cececeeveess ceses 42 33
Lakes= . ieieresnnnene 652 623
Ground water........... 55 45
Mines.e.eeeereeeneannns 28 24
othErl.....--‘..‘...... 3 2
Total.........--..o. 780 ) 727
Discharged
Surface2/......eeun... 664 623
Underground....ccevuese 38 29
Total.eeeeeenoeanensnn 702 652

1/ Peak usage, owing to seasonal mineral producers who operate
only during the warmer months of the year, varies by subarea from
April 1 to November 31 or May l to October 31, Whereas the greatest
water usage is in Subarea l.l, the northern most subarea, the seasonal
variation is due primarily to water usage in subareas located in the
southern part of the basin.

2/ Includes Lake Superior, see tables in Plan Area 1.0,

Subarea 1.1, and Subarea 1.2.
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TABLE 5-110 Plan Area 1.0: Source of New Water Used and Water Discharged by the Mineral
Industries in 1968, Estimated (millions of gallons per day)

May-October Avggggzaizr
New Intake
Streams....cieeeesocose 5.4 5.4
Lake Superior..eeseoceoce 534.3 530.0
Other lakeS.seiseseseas 26.7 26.7
Ground water...... cveas 1.0 1.0
MineS...veeecearooeons . 9.1 9.1
Total............. 576.5 572.2
Discharged
Lake Superior....e¢esc.- 507.5 503.3
Surface...eevieeseccnans 14.7 14.7
Total...oeveoenans 522.2 518.0

TABLE 5-111 Planning Subarea 1.1: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

Average for
365 days
New Intake
Lake Superior.....eieeiiiiieenereeocnnnnn 504
Other lakeS..ieeseeeesrasessasccaces seeea 25
StreamsS..ccceeeerescncscncnnes ceeerrecenen 3
Ground water...ceeeeeeeees Cetseeeteanaans 1
MineSeseseseercsacasnnsans csesessavaresas 9
Totalieeieiesenoesoessannoanes teseses 542
Discharged
Lake SUpPErior..ceeececscsosccssssssasasas 499
SUrface.ccevarserscosssccscscassacasnssanes 1
Total.....‘.l.llll.O'O.ll.....lll... 500




TABLE 5-113 Plan Area 2.0:
Industries in 1968, Estimated (millions of gallons per day)

TABLE 5-112 Planning Subarea 1.2:
Mineral Industries in 1968, Estimated (millions of gallons per day)
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Source of New Water Used and Water Discharged by the

Average for

May-October 365 days
New Intake
Lake Supefior.......... 30.3 26.0
StreamSesessesrceccssrns 2.4 2.4
Other lakeSeseevessaces 1.7 1.7
Mines.l....'l..l.l...l. 001 Oll
Total.eieeeeennnas 34.5 30.2
Discharged
Lake Superior.ececeaces 8.5 4.3
Surfaceiiesecessccasses 13.7 13.7
Total....'....l.‘. 22.2 18.0

Source of New Water Used and Water Discharged by the Mineral

April-November

" Average for

365 days
New Intake
StreamsS.ceecevencscnnans 16,0 11.7
LakeS.coeceoraconcssacns 9.6 7.4
Ground Water.eeeceessoocs 15.9 10.7
MineSllI......l'.ﬂ.l..ﬂD ["ﬁo 3.3
Purchased.vieioeveconsns 0.3 0.3
Other.eeeesecseceosasconsas 0.1 0.1
Totaleeeveeeseannns 45.9 33.5
Discharged
Surface..eeesencsecnncas 40,2 28.6
Underground...cecececeos 2.8 2.4
Sewer....... secenssancos 0.2 0.1
Totaleeeeesoeonoses 43,2 31.1
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TABLE 5-114 Planning Subarea 2.1: Source of New Water Used and Water Discharged by the
Mineral Industyies in 1968, Estimated (millions of gallons per day)

; Average for
April-November 365 days
New Intake
SLreamS.ececessssoncnssoas 1.4 1.2
Lakes....l...'l..ll..l'.. o.z 0.1
Ground Water.eeeesscessee 0.7 0.6
Purchased.eeeesovecvesnes 0.3 0.3
Total‘Ol‘l.‘...I-l. 2.6 2.2
Discharged
Surface.ceececrceccsanans 1.1 0.7
Underground.ceccecscccsces 0.1 0.1
Total.eesecesncnane 1.2 0.8

TABLE 5-115 Planning Subarea 2.2: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

. Average for
April-November 365 days
New Intake
StreamS.cseesacscscccsane 11.7 8.5
LakeS.ceeresssencossnsnns 2.0 1.4
Ground wWatereeeessccaesss 6.0 4.0
Mines.scconcenovranccnses 2.2 2.1
Total.ieeeeeesonaans 21.9 16.0
Discharged
Surface.l...I.l...".'l.' 20'9 15'3
SeWer.cereioosascencsoons 0.2 0.1
Total.veesocsonoans 21.1 15.4
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TABLE 5-116 Planning Subarea 2.3: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

. ) Average for
April-November 365 days
New Intake
StreamS.cecceoe cvsossess 2.9 2.0
LakesS...ecoceocccones oo 2.4 1.6
Ground Water..ceosceonsne 9.2 6.1
MineSeesscsosnccsccccana 1.8 1.2
Totaleceoooeosoons 16.3 10.9
Discharged
Surface...cieeoesnncesnss 15.9 . 10.6
Underground....ccoevoeee insig. insig.
Totalecooeanocaase 15.9 10.6

TABLE 5-117 Planning Subarea 2.4: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

Average for
April-November 365 days
New Intake
LakeS.veveeceonns eeeecos 5.0 4.3
Other....ioceeecenocacas 0.1 0.1
Total.icecuroceonsns 5.1 4.4
Discharged
Surface...ceeeeces cocens 2.3 2.0
Underground.eecesecssess 2.7 2.3
Totaltil'.....aitl 5.0 4.3
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TABLE 5-118 Plan Area 3.0: Source of New Water Used and Water Discharged by the Mineral
Industries in 1968, Estimated (millions of gallons per day)

, Average for
April-November 365 days
New Intake
streams..ll.....ll.....l 0.3 0.2
LakeS...oeivvecnercennes 22.7 15.2
Ground water....ceeveese 1.8 1.2
Total..lll....lll' 24.8 16.6
Discharged
Surface.cceeceescsssasnns 2.4 1.6
Underground.....ceecec.. 19.9 13.3
Total.seiseierenns 22.3 14.9

TABLE 5-119 Planning Subarea 3.1: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions-of gallons per day)

: f
April-November Agzgag:ysor
New Intake
LakeS.eeseoseeoscasocconne 20.9 14.0
Ground water.ieecoeeesoss insig. insig.
Total.ll.l....l-.. 20.9 14.0
Discharged
Surface...cieesecescencca 0.4 0.2
Underground.cecssscssece 18.0 12,1
Totalecessosccnnns 18.4 12.3
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TABLE 5-120 Planning Subarea 3.2: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

Average for
April-November 365 days
New Intake
Strems.l'....l....‘.lll 003 0.2
Lakes.l...."..'..l""' 158 1'2
Ground Water....esseeses 1.8 1.2
Total.cioerecennes 3.9 2.6
Discharged
Surface..ievececsccecces 2.0 1.4
Underground...ceeceeesss 1.9 1.2
Total.eeeeeceooonns 3.9 2.6

TABLE 5-121 Plan Area 4.0: Source of New Water Used and Water Discharged by the Mineral
Industries in 1968, Estimated (millions of gallons per day)

s1_ Average for
April-November 365 days
New Intake
StreamS..cceseescsscsans 16.3 12.5
Lakes.....ﬁﬁi.....C..... 49‘2 34.2
Ground water.ccceeesseece 3.1 30.2
MinesS..eeveeeeeroesevuea 13.4 9.8
Other..cvecerececccenaes 2.1 1.9
Total..coeserecaans 115.1 88.6
Discharged
Surface..ciececsccccanns 87.9 64.3
Underground....ceveeeess 14.3 12.2
Sewernonoo\ononc.oooocnc 0.3 003
Total.....cecee.. .. 102.5 76.8
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TABLE 5-122 Planning Subarea 4.1: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

April-November A\;ggagzy gor
New Intake
Streams.....l.ﬂ.......'. 1001 8.0
Lakes.l..‘.‘ll.‘....l... 31.6 20.8
Cround water.ieecesessoee 6.0 3.9
MinesSesesecascoscssasnna 11.9 8.8
Total..... D, 59.6 41.5
Discharged
SurfaCEOllll.ll‘.ll‘ll.l 48'2 31'8
Undergrounde..cceescasess 9.9 8.7
o] oF 3 R 58.1 40.5

TABLE 5-123 Planning Subarea 4.2: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

. Average for
April-November 365 days
New Intake
Streams...t.."..,Ql.'..l 4.2 208
Lakes............‘...l.. 2.7 1'8
Ground water..eeceseooee 13.7 14.7
MineS..oeeesoe cecevassens 1.5 1.0
Totaliesaseoessann 22.1 20.3
Discharged
Surface......--......-'.- 19'7 18-0
Underground...c.eneesan. 1.5 L.4
Total.ll..'l..l.b. 21‘2 19.4
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TABLE 5-124 Planning Subarea 4.3: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

April-November Avgggggaﬁgr
New Intake
StreamS.ceecerecsesnssces 1.9 1.6
LaKeSiseeerensscssnvness 9.2 7.8
Ground water....eeeeeees 11.2 9.5
Other....cceeeceevnacons 2.0 1.8
Totaleeieoevsceane 24.3 20.7
Discharged
SuUrfaceesececscesesssans 12.3 9.3
Underground.seeecsessans 1.8 1.4
SeWer.ivecnoosnssessannse 0.3 0.3
Totaleeieovooaeene 14.4 11.0

TABLE 5-125 Planning Subarea 4.4: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

Average for
365

April-November ays

New Intake

StreamsS.cesessccccasscess 0.1 0.1
Lakesl........'...l....' 5.7 3.8
Ground water.seeeeasvene 3.2 2.1
Other...coosserecscscens 0.1 0.1

Total.eeieveneannn 9.1 6.1

Discharged

Surface.eeeceses evesseces 7.7 5.2
Underground..eeeeeeoecas 1.1 0.7

Totaleseeosoacsanns 8.8 5.9
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TABLE 5-126 Plan Area 5.0: Source of New Water Used and Water Discharged by the Mineral
Industries in 1968, Estimated (millions of gallons per day)

, Average for
April-November 365 days
New Intake
StreamsS..ceecseecesccecs 4.2 3.5
LakeS.veteseossesssenene 9.6 9.6
Ground watereseeeaeaaaeas 2.4 1.6
MineS.icevieeasecssonccas 1.3 1.3
Other.ieeeveacnesecannae 0.2 0.1
Total.eeeerseaenaes 17.7 16.1
Discharged
SUrface.cveceenoscaccens 10.8 9.9
Underground.ecseeececass 1.4 0.8
Total.....'..l!... 12'2 1007

TABLE 5-127 Planning Subarea 5.1: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

3 Average for
April-November 365 days
New Intake
StreamS....... cecececcan 1.1 0.8
LakeS.eeevaees cosecseses 0.1 0.1
Ground WateTeeceseeososes 1.3 0.9
OtheY...veeieencconnaens 0.2 0.1
Total.ieevaseconnas 2.7 1.9
Discharged
SUTfaCeeiesceccccsssannss 1.6 1.2
Underground.....cace.eas 0.6 0.3
TOtaleeuveraennnns 2.2 1.5
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TABLE 5-128 Planning Subarea 5.2: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

] Average for
April-November . 365 days
New Intake
Strems‘l.‘....'....ilot 209 206
LakeS.ececeoscanasasonne 7.8 7.8
Ground water.ieceeceseess 0.9 0.6
MineS.cesecescescenscnns 1.2 1.2
Totaleeeesooeoonsne 12.8 12.2
Discharged
Surfacel....llil.‘l....l 8.5 801
Undergroundesessoscacssa 0.6 0.4
Totalecevosessnves 9.1 8.5

TABLE 5-129 Planning Subarea 5.3: Source of New Water Used and Water Discharged by the
Mineral Industries in 1968, Estimated (millions of gallons per day)

for
May-October Av:eizggflaycs,

New Intake

StreamS.cisscccesasscsas 0.2
LakeSeseesesosvascssncns 1.7
Ground watereieecsseoseas 0.2
MinesS.ceesssossesocncnas 0.1

Total....-..-.--.o 202 2.0

Discharged

Surface..cecsececceccnces 0.7
Underground...ccceeees.e 0.2

Totaleeeeerooennas 0.9 0.7
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TABLE 5-130 Great Lakes Region: Projected Mineral In-
dustry Water Use (millions of gallons per day)

1968L | 1980 2000 2020
New Intake
Seasonal peak? ......... 780 928 1,230 1,745
Average for 365 days.... 727 845 1,084 1,49
Discharged
Seasonal peak?......... 702 807 | 1,89 1,419
Average for 365 days.... 652 727 894 1,181
Recirculated
Seasonal peakz/......... 494 853 1,339 2,102
Average for 365 days.... 461 796 1,233 1,900
Consumed
Seasonal peakg/... ...... 78 121 197 326
Average for 365 days.... 75 118 190 313
Total Water3/
Seasonal peakg/ ......... 1,274 1,781 2,569 3,847
Average for 365 days.... 1,188 1,641 2,317 3,39

1/ Estimated.

2/ Peak usage, owing to seasonal mireral producers who operate
only during the warmer mcrths of the year, varies by subarea from
April 1 to November 30 or May 1 ro October 31. Whereas the greatest
water usage is in Subarea 1.2, the torthern most subarea, the seasonal
variation is due primarily to water usage in subareas located in the
southern part of the basin.

3/ Intake plus recirculared.

TABLE 5-131 Plan Area 1.0: Projected Mineral Industry
Water Use (millions of gallons per day)

1968/ 1980 2000 2020
New Intake
May-October.......... e 576.5 615.4 673.8 766.2
Average for 365 days.... 572.2 610.9 668.9 761.1
Discharged
May-October......... reee 522.2 527.2 542.4 572.2
Average for 365 days.... 518.0 522.8 537.7 567.3
Recirculated
May-October.....covennees 365.9 655.8 962.3 1,387.4
Average for 365 days.... 365.9 655.0 960.3 1,383.6
Consumed
May-October............. 54.3 88.2 131.4 194.0
Average for 365 days.... 54.2 88.1 131.2 193.8
- Total Water2/
May-0October.....couvesus 942.4 1,271.2 1,636.1 2,153.6
Average for 365 days.... 938.1 1,265.9 1,629.2 2,144.7

1/ Estimated.
2/ Intake plus recirculated.
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TABLE 5-132 Plan Area 2.0: Projected Mineral Industry

Water Use (millions of gallons per day)

19681/ 1980 2000 2020
New Intake
April-NovembeTresesosoass 45.9 85.3 157.0 292.3
Average for 365 days.... 33.5 60,2 108.9 201.9
bischarged
April-November.......... 43.2 82.1 150.4 282.3
Average for 365 days.... 31.1 57.5 103.8 194.3
Recirculated
April-November..ceeease. 43.9 68.7 134.7 261.7
Average for 365 days.... 33.7 49.5 95.9 184.5
Consumed
April-November...oveveon 2.7 3.2 6.6 10.0
Average for 365 days.... 2.4 2.7 5.1 7.6
Total Waterg/
April-November..eovueors 89.8 154.0 291.7 554.0
Average for 365 days.... 67.2 109.7 204.8 386.4

1/ Estimated.

2/ Intake plus recirculated.

TABLE 5-133 Plan Area 3.0: Projected Mineral Industry
Water Use (millions of gallons per day)

19683/ 1980 2000 2020
New Intake
April-November.......... 24.8 33.4 50.4 80.3
Average for 365 days.... 16.6 22.4 33.8 53.7
Discharged
April-November.....oeves 22.3 29.7 44,6 69.9
Average for 365 days.... 14.9 19.9 29.9 46.7
Recirculated
April-November...asuasns 8.1 15.6 32.5 69.2
Average for 365 days.... 5.4 8.6 21.8 46.2
Consumed
April-November.essssonss 2.5 3.7 5.8 10.4
Average for 365 days.... 1.7 2.5 3.9 7.0
Total Watergf
April-November.....oeves 32.9 49.0 82.9 149.5
Average for 365 days.... 22.0 31.0 55.6 99.9

1/ Estimated.

2/ Intake plus recirculated.
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TABLE 5-134 Plan Area 4.0: Projected Mineral Industry
Water Use (millions of gallons per day)

19681/ 1980 2000 2020
New Intake :
April-November....ooe..s 115.1 163.4 295.0 513.3
Average for 365 days.... 88.6 124.8 226.7 397.6
Discharged
April-November..coceeess 102.5 144.3 255.9 430.4
Average for 365 days.... 76.8 107.0 189.7 320.4
Recirculated
April-November..ceeeeoss 61.7 90.9 172.0 314.4
Average for 365 days.... 43.0 63.7 121.3 223.9
Consumed
April-November.....cco.. 12.6 19.1 39.1 82.9
Average for 365 days.... 11.8 17.8 37.0 77.2
Total Water2/
April-November..vcsseees 176.8 254.3 467.0 827.7
Average for 365 days.... 131.6 188.5 348.0 621.5

N -

1/ Estimated.
2/ Intake plus recirculated.

TABLE 5-135 Plan Area 5.0: Projected Mineral Industry
Water Use (millions of gallons per day)

19681/ 1980 2000 2020
New Intake
April-November.......... 17.7 30.9 53.7 93.1
Average for 365 days.... 16.1 26.5 46.1 79.8
Discharged
April-November.......... 12.2 23.4 39.5 64.2
Average for 365 days.... 10.7 19.3 32.4 52.2
Recirculated
April-November..cecesves 14.0 21.9 37.4 69.6
Average for 365 days.... 13.1 19.6 33.3 62.0
Consumed
_April-November....... vee 5.5 7.5 14.2 28.9
Average for 365 days.... 5.4 7.2 13.7 27.6
Total Waterg/
April-November....c.c.e. 31.7 52.8 91.1 162.7
Average for 365 days.... 29.2 46.1 79.4 141.8

1/ Estimated.
2/ Intake plus recirculated.
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TABLE 5-136 Great Lakes Region: Total Land Disturbed by Mining Activities
as of January 1, 1965, by Commodity and Plan_Area (acres)

. Plan Area Great Lakes
Commodity .
1.0 2.0 3.0 4.0 5.0 | Region Total
COpPPer.iserrosvass 2,000 2,000
Clay and shale.. 80 | 506 260 | 2,433 570 3,849
Coal.. .. viiennnnns 5,488 728 6,216
GYPSUM:sesssassesn 1,105 377 40 1,522
Iron ore...eeceeen 47,615 449 630 48,694
Peat.viveeeennnens 620 200 675 418 32 1,945
Sand and gravel. 7,949 37,655 | 14,005 | 19,214 |11,977 90,800
Stone...cceeacnans 1,614 7,364 3,876 9,291 3,875 26,020
Other....cieeveees 40 15 1,487 180 1,722
Total..... .o 59,918 |51,677 | 19,921 | 33,948 |17,304 182,768
TABLE 5-137 Plan Area 1.0: Total Land Disturbed by Mining Activities as of
January 1, 1965, by Commodity and Planning Subarea (acres)
. Subarea Plan Area
Commodity T3 15 Total
COPPeT cvaecaasss cessasenns 2,000 2,000
Clay and shale...caveasse 80 80
IY0N OTe..veernarcnsnnnns 45,800 1,815 47,615
Peat. veecssssonsesesacee 620 620
Sand and gravel.......... 5,420 2,529 7,949
SLOME. s ssenrrresenansanse 200 1,414 1,614
Other.ieeveeerencnseocoane 25 15 40
Total teesecsensns 52,145 7,773 59,918

TABLE 5-138

Plan Area 2.0: Total Land Disturbed by Mining Activities as of

January 1, 1965, by Commodity and Planning Subarea (acres)

Commodity Subarea Plan Area
2.1 2.2 2.3 2.4 Total
Clay and shale..... 318 128 60 506
Coal....vivernnnnan 5,400 88 5,488
Iron Ore..eceevenss 449 449
Peat....ieneeeannnn 200 200
Sand and gravel... 10,610 11,499 10,399 5,147 37,655
StONe.vecensasssnns 3,167 2,247 350 1,600 7,364
Other.. 10 5 15
Totales.eeo.. 14,236 19,469 | 11,165 6,807 | 51,677
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TABLE 5-139 Plan Area 3.0: Total Land Disturbed by Mining Activities as of

January 1, 1965, by Commodity and Planning Subarea (acres)

Subarea
Commodity Plan Area
3.1 3.2 Total

Clay and shale......... 210 50 260
GYPSUM, s v aevsssosenssns 1,105 1,105
Pedat.ceesessocasocsnane 675 675
Sand and gravel........ 2,400 11,605 14,005
StONEC.cesscsascsrassana 3,391 485 3,876

Total....ovevennes 7,106 12,815 19,921

TABLE 5-140 Plan Area 4.0: Total Land Disturbed by Mining Activities as of

January 1, 1965, by Commodity and Planning Subarea (acres)

Commodit Subarea Plan Area
omm
oCHEy 4.1 4.2 4.3 4.4 Total
Clay and shale..... 155 1,642 511 125 2,433
Coal............ . 728 728
Gypsum......ccc0ee. 377 377
Peat..civvisocsnons 345 48 25 418
Sand and gravel.. 4,972 7,001 3,481 3,760 19,214
Stone..e.iianeeennn. 727 6,318 1,146 1,100 9,291
Other,eeeosssoosssos 25 1,462 1,487
Total......... 6,199 15,363 7,376 5,010 33,948

TABLE 5-141 Plan Area 5.0: Total Land Disturbed by Mining Activities as of

January 1, 1965, by Commodity and Planning Subarea (acres)

Commodi ty Subarea Plan Area
5.1 5.2 5.3 Total

‘Clay and shale..ce..s. 495 75 570
GYpPSUM..c.eeenocnoonss 30 10 40
Iron Or€.iseessecsasn . 130 500 630
Peat.seceeseacnascnces 11 21 32
Sand and gravel...... 2,856 8,688 433 11,977
Stone...... cesceecacs 525 3,303 47 3,875
Other..cieeeeacscsene 77 103 180

Totaleeeeseeanos | 3,422 12,724 1,158 17,304
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TABLE 5-142 Great Lakes Region: Projected Mineral-Bearing Land Requirements! (acres)
By Commodity

1968 1968 1968
Commodity | 19682/| 1980 to 2000 to | 2020 to
19803/ 20003; 20203/
Clays and
shale...... 64 81 893 129 2,956 207 6,368
Coaleeivnuans 121 53| 1,130 0| 1,300 0 1,300
Copper.eecass 4,500] 4,500 4,500} 7,000] 7,000] 10,000] 10,000
Iron OT€.eevsve 55,6001 90,700| 90,700|174,600 |174,600 {286,600 | 286,600
Peat.ecoe.s e 2,477 2,660 3,194 3,216 4,507 4,106 6,388
GYypSUM.eeceea 24 30 329 40 1,026 54 1,970
Sand and .
gravel..... 1,929 2,568 26,662| 4,422) 95,827 7,638 | 217,148
Stone, .
crushed.... 473 615{ 6,440 8411 19,894 1,315 40,883
Stone,
dimension.. 3 6 64 9 225 17 487
Zinc-lead.... 250 500 500 500 500 700 700
Total..... | 65,441{101,713(134,412|190,757 |307,835 |310,637 | 571,844
=

By Plan Area

2/ 1968 1968 1968
Plan Area 1968= 1980 Los,f 2000 t03/ 2020 t03/
1980= 2000= 2020=
1.0....... eee | 58,740 93,265 94,8921177,905 (183,665 {291,090 | 303,199
2.0 ceecvnnes 2,576 3,266 17,341} 5,943 55,705 | 9,483 | 124,271
300cceannnes 1,133} 1,272 5,013| 1,743| 15,577 | 2,532 | 33,050
4.0 cenicncas 1,579} 2,056 12,055} 2,880| 38,331 | 4,358 | 80,828
5.00ccceceee. 1,413 1,854 5,111 2,286 14,557 | 3,174 | 30,496
Total.sv.. | 65,441 |101,713f134,412190,757 307,835 310,637 | 571,844

1/ Includes nonmineral-bearing surface lands required for copper,
iron ore and zinc-lead production.

2/ Estimated,

3/ Cumulative.
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TABLE 5-143 Plan Area 1.0:

Projected Mineral-Bearing Land Requirements! (acres)

1968 1968 1968

Commodity | 19682/ | 1980 to, | 2000 to,, | 2020 to,

19803 20002 20202

Copper.ssees. | 4,500 | 4,500| 4,500 7,000| 7,000| 10,000 | 10,000

Iron Ore..... 53,500 | 88,000 88,000|170,000|170,000|280,000 | 280,000

PEAL.enenrnss 600 600 600 650 650 700 700
Sand and )

gravel..... 130 153| 1,649 239| 5,576 368 | 11,670

Stone,
crushed.... 10 12 143 16 439 22 829
Total.... | 58,740 | 93,265| 94,892]177,905183,665 291,090 | 303,199

1/ Includes nommineral-bearing surface lands required for copper
and iron ore productiocn.

2/ Estimated.
3/ Cumulative.

TABLE 5-144 Plan Area 2.0:

Projected Mineral-Bearing Land Requirements! (acres)

1968 1968 1968
Commodity  |1968%/ | 1980 to,, | 2000 | to., | 2020 | o,
1980~ 2000= 2020~
Clays and .
shale....... 10 10 122 12 296 18 624
Coal....ocv... 121 53 1,130 0 1,300 0 1,300
Iron ore...... 1,200 1,700| 1,700 | 3,400 3,400 | 5,100 5,100
Peateeeconsass 261 141 307 157 342 , 201 466
Sand and
gravel...... 847 1,186 | 12,202 | 2,077 | 43,747 | 3,648 | 102,009
Stone,
crushed..... 134 1701 1,820 288 6,408 500 | 14,310
Stone,
dimension... 3 6 60 9 212 16 462
Total..... 2,576 | 3,266 17,341 | 5,943 155,705 | 9,483 124,271

1/ Includes nonmineral-bearing surface lands required for irom

ore production.

2/ Estimated.
3/ Cumulative.

-
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TABLE 5-145 Plan Area 3.0: Projected Mineral-Bearing Land Requirements! (acres)

1968 1968 1968
Commodity | 1968L/| 1980 to 2000 to 2020 to
19802/ 20002/ | 20202/
Clays and
shale...... 9 11 126 20 448 33 987
Peat....... .. 843 896 | 1,071 | 1,119 1,631 | 1,493 | 2,433
GYpSUM. «vv... 13 15 168 20 523 28 | 1,006
Sand and
gravel..... 209 272| 2,836 454 | 10,106 760 | 22,251
Stone,
crushed.... 59 78 811 130| 2,865 218 | 6,366
Stone,
dimension.. 3/ 3/ 1 3/ 4 3/ 7
Total... | 1,133| 1,272 5,013 | 1,743 15,577 | 2,532 | 33,050

1/ Estimated.
2/ Cumulative.
3/ Less than an acre.

TABLE 5-146 Plan Area 4.0: Projected Mineral-Bearing Land Requirements? (acres)

1968 1968 1968
Commodity 1968 1980 to 2000 to 2020 to
19802/ 20002/ 20202/
Clays and
shale.ssss. 44 59 630 95| 2,160 152 4,645
GypSUM...c.cue.. 11 15 16l 20 503 26 964
Peat...... ces 765| 1,015| 1,206 | 1,282| 1,872 { 1,704 2,770
Sand and
gravel..... 545 686 7,157 | 1,200| 26,347 | 2,107] 59,092
Stone,
crushed.... 214 281 2,898 283 7,440 368 13,339
Stone,
dimension.. 3/ 3/ 3 3/ 9 1 18
Total... | 1,579| 2,056 12,055} 2,880 38,331 | 4,358| 80,828

1/ Estimated.
2/ Cumulative.
3/ Less than an acre.
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TABLE 5-147 Plan Area 5.0:

Projected Minefal-Bearing Land Requirements?! (acres)

1968 1968 1968
Commodity | 19682/ | 1980 | to.,| 2000 | to,, | 2020 to
19803/ 20003/ 20203/
Clays and
shale...... 1 1 15 2 52 4 112
Iron ore..... 900 | 1,000 ! 1,000 1,200| 1,200 1,500 [ 1,500
Peat.....c... 8 8 10 8 12 8 19
Sand and
gravel..... 198 271 | 2,818 452 10,051 755 | 22,126
Stone,
crushed.... 56 74 768 126 2,742 207 | 6,039
Zinc-lead.... 250 500 500 500 500 700 700
Total....| 1,413 | 1,854 5,111 2,286| 14,557 | 3,174 | 30,496

1/ Includes nonmineral-bearing surface lands required for iron
ore and zinc-lead production.

2/ Estimated.

3/ Cumulative,



T

ichigan
Nate of Minnesota
. State of New York

Pite qf Wisconsin
partment of Agriculture
Department ‘of the Army
iriméwt of Commerce
artment of Health,
"Education & Wem
Department ofHousing &
Urban Development
Department of the Interior
Department of Jilgtice
Department of St
Departiment of Transportation
Environmental Protection Agency
Federal Power Commission
Great Lakes Commission




